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ABSTRACT 
Role of plant symbionts in the management of root - knot disease in chickpea. 
Nodule forming nitrogen fixing microorganisms and arbuscular mycorrhizal fungi 
(AMF) are two groups of beneficial microorganisms which have been found to exert a 
synergistic effect on the enhancement of plant biomass by affecting increase in nutrient 
uptake and tolerance to water. In recent years several reports have offered positive 
indication that host pants previously inoculated with plant symbionts exhibit increased 
resistance to several root diseases. The plant symbionts and phytonematodes are often 
mutually inhibitory, each reducing the population of the other, as they are frequently 
encountered in the same rhizosphere. Thus the combined application of AM fungi, 
nematophagous fungus and symbiotic nitrogen fixers are of great importance in the 
management of root - knot disease caused by Meloidogyne incognita. The nematode 
control may be through improved plant vigour, physiological alteration of root exudates or 
through the direct effect of mycorrhiza in retarding the development and reproduction of 
nematodes within the root tissue as both occupy the same niche. 
The present study determines the role of AM fungi and symbiotic nitrogen fixer on 
root - knot nematode development and their impact on plant growth. The effect of root 
symbionts along with Paecilomyces lilacinus on the root - knot disease and plant growth 
was studied. Out of six AM fimgi Glomus mosseae, G. fasciculatum, G. consthctum, G. 
aggregatum, Acaulospora scrobiculata and Gigaspora gigantea tried, G. fasciculatum was 
selected as efficient AM fungus for the chickpea and used for the management of root- knot 
nematode in the further study. Chickpea (Cicer aritinum L.) var Avrodhi was selected as 
the test plant and root - knot nematode Meloidogyne incognita as the test pathogen. 
Interaction of G. fasciculatum, Rhizobium, P. lilacinus and M. incognita was 
investigated on the basis of plant growth characteristics (length, fresh and dry weight of the 
plant), nutrient contents (N, P and K) of the plant, mycorrhization, root nodulation, root -
knot disease (number of galls/root system and nematode population in soil and root) and 
reisolation of P. lilacinus from eggs and females of M. incognita. A survey of Aligarh 
District (U.P) India, was conducted to judge the mycorrhizal status of some leguminous 
crops at four sites. The results ofthe study are given below. 
1. The occurrence of arbuscular mycorrhizal fungi, characterisation of arable 
soil, spore population of AM fungi in soil and root colonization of some 
common leguminous crops cultivated in Aligarh District - survey. 
A study was conducted to assess the arbuscular mycorrhizal fungal (AMF) spore 
population and root colonization in some leguminous crops of Aligarh District like pea, 
chickpea, pigeonpea, cowpea, mungbean and clover. Most ofthe plants in all the sites were 
mycorrhizal. Highest AMF spore population and root colonization was found at site 
Kharaishwar followed by Kwarsi, Javan and Harduaganj. 
In all, three genera of AM fungi viz.. Glomus, Acaulospora and Gigaspora were 
identified. Out ofthe three. Glomus was the most predominant genus which showed higher 
frequency of occurrence at all the sites. There was no specification between cultivated crops 
and the AM fungi, as the spore number in soil collected from rhizosphere of the plants 
during different crops varied at different sites. AM fiingi preferred clover and mungbean 
crops compared to others as evident by rich colonization of these crops a all sites. The soil 
collected from all the sites were alkaline in mature wih narrow range of pH (7.7-8.7). 
II. Comparative efficacy of different arbuscular mycorrhizal fungal species (AMF) 
on chickpea {Cicer arietinum) 
A study was conduced to screen and select potential arbuscular mycorrhizal fungi 
(AMF) for chickpea var. Avrodhi in sandy clay loam soil of Aligarh. Six different AM 
fungi were evaluated for their efficacy in terms of growth characteristics, nutrient status and 
mycorrhizaion. Inoculation with AMF species resulted in higher plant growth biomass and 
nutrient status (A, P and K). Measurement of plant harvested at 90 days after inoculation 
chickpea responded to its best with the inoculation with Glomus fasciculatum followed by 
G. mosseae, G. constrictum, G. aggregatum, Acaulospora scrobiculata and Gigaspora 
gigantea in terms of plant fresh and dry weight, mycorrhizal colonization, nitrogen, 
phosphorus and potassium contents. Out of six AM fungi screened G. fasciculatum was 
fpound to be the most efficient AM fimgi for chickpea. 
III. The interaction study between Meloidogyne incognita, mycorrhizae and Rhizobium 
on chickpea plants 
A significant increase in plant growth over control wee foimd only when 800 or 
more spore of G. fasciculatum were inoculated. Therefore, economic threshold level of G. 
fasciculatum was foimd to be 800 spores/plant. Inoculation of 1000 or more juveniles of 
Meloidogyne incognita caused significant reduction in plant growth. Use o{ Rhizobium or 
G. fasciculatum or both along with 1000 juveniles of M. incognita reduced the damage 
caused by the nematode. The N, P and K contents were greater when both the symbionts 
were used as compared to the either. The root galling and nematode multiplication were 
density dependent. However, root galling and nematode multiplication were reduced in the 
presence of Rhizobium and G. fasciculatum. Mycorrhization was found to be reduced with 
increase in the inoculum levels of M incognita. 
IV. Effect of AM fungus and the fertilizers (N, P and K) on Meloidogyne 
incognita infestation on chiclcpea. 
The effect of arbuscular mycorrhizal fungi and N, P and K fertilizers on penetration, 
development and reproduction by Meloidogyne incognita on chickpea was studied in the 
glasshouse with the objective to examine colonization of the roots of chickpea by the AM 
fungus at a range of N, P and K levels. The following results were obtained. In the second 
experiment when plants were treated with different levels of P, plant growth was enhanced 
by G. fasciculatum, M. incognita and phosphorus interaction. At a given P level, the 
requirement of P was less under G. fasciculatum and in the combination of G. fasciculatum 
+ M. incognita the required amount of P was found to be 100 mg p/kg soil. The number of 
nodules increased at the different levels of P. Glomus fasciculatum increased the number of 
nodules while M incognita suppressed it. The mycorrhization increased at the lower levels 
of P (100, 200 mg p/kg soil) but at higher level of P (i.e 400 mg p/kg soil), it was reduced. 
Nematode population in soil and root galling were significantly reduced at the higher P 
application (i.e. 400 mg p/kg). Glomus fasciculatum suppressed all the considered rootknot 
disease parameters. 
First experiment was conducted under P and K limiting condition. All the plants 
showed poor growth in soil not amended with N, regardless of mycorrhizal and nematode 
status. Plant growth increased significantly with the addition of N over the control 
particularly at higher N levels. M incognita significantly suppressed the growth of the host. 
G. fasciculatum on the other hand, significantly increased the plant growth even in the 
presence of M. incognita compared to control. The interaction effect was found to be 
significant. The control plants required 500 mg N/kg soil to attain the maximum growth, 
where as mycorrhizal plants required only 250 mg N/kg soil. The nitrogen, phosphorus and 
potassium content of the plant increased as soil N increased fi-om 0 to 1000 mg N/kg soil. 
The N content exhibited significant increase at different N levels. M incognita suppressed 
the N, P and K content. M. incognita reduced the number of nodules, while G. fasciculatum 
in combination with all the three fertilizers (N+P+K) improved the same. G. fasciculatum 
improved the N, P and K contents and mycorrhization, while M. incognita suppressed the 
mycorrhization. In combination with all the three fertilizers (N+P+K) mycorrhization 
increased significantly. Glomus fasciculatum suppressed the root - knot nematode 
development. The plants grown in soil supplied with different nitrogen levels (250, 500 and 
1000 mg N/g soil) reduced all the considered root - knot disease parameters. In soil 
amended with different nitrogen levels, root - knot disease parameters were significantly 
affected by G. fasciculatum. 
Third experiment was conducted under N - P limiting condition. Addition of K 
increased plant growth, being maximum at 800 mg K/kg soil in the control plants. In the 
mycorrhizal plants, K application caused favourable effect on the plant growth. The 
requirement of the K is reduced in the mycorrhizal plants as the growth was significantly 
increased at the lower level (200mg/kg soil) of K. M. incognita drastically reduced the plant 
growth parameters compared to control while G. fasciculatum significantly increased the 
growth of host plants irrespective of the presence or absence of M incognita. Application of 
K did not improved the growth in the presence of M. incognita. Application of K 
significantly increased the K content at higher level (400 mg K/kg soil). G. fasciculatum 
improved the P content significantly compared to control and K content comparable to M. 
incognita treatment. The number of nodules significantly increased upto the level of 400 
mg K/kg soil. The mycorrhizal infection significantly improved at the level of 200 and 400 
mg K/kg soil, but at higher level of K, the mycorrhization was significantly reduced. The 
rootknot disease was significantly improved at 200 and 400 mg/kg soil, but at higher level 
the nematode population in root and soil was almost the same as found at 400 mg K/kg. 
In the last experiment, it was found that M. incognita suppressed the plant growth 
compared to control. G. fasciculatum irrespective of the presence or absence of M. 
incognita significantly enhanced the plant growth. Among the nitrogen (urea), phosphorus 
(single super phosphate) and potassium (murate of potash) fertilizers applied (at 
recommended dose), selected fi-om experiments IV A, IV B, IV C singly or in combination 
showed that application of all three fertilizers in combination caused maximum 
improvement in plant growth characteristics. Application of any two fertilizers improved 
the plant growth compared to those which received only one fertilizer. The effect of 
fertilizers was more prominent in the mycorrhizal plants in absence or presence of M. 
incognita compared to control. The N, P and K contents of the host plant were reduced by 
M. incognita while G. fasciculatum improved the same. A particular nutrient in the plant 
increased with inclusion of that element in fertilizer dose. Maximum increase in the number 
of nodules were observed when all the three fertilizers were used in combination with G. 
fasciculatum. Inoculation of M incognita caused significant reduction in mycorrhization 
but it increased, when the three fertilizers (N+P+K) were used in combination. The 
mycorrhization also increased in the presence of P. All the root-knot disease parameters 
were reduced in the mycorrhizal plants. The maximum reduction occurred in the root-knot 
disease development, by the application of all the three fertilizers in combination in both 
mycorrhizal and non - mycorrhizal plants followed by the treatment where both N and K 
were applied together. 
V. An interaction study of the arbuscular mycorrhizal fungus (AMF), Glomus 
fasciculatum a biocontrol agent, Paecilomyces lilacinus and the root - knot 
nematode, Meloidogyne incognita on chickpea. 
Arbuscular mycorrhizal fimgus, Glomus fasciculatum and a biocontrol agent, 
Paecilomyces lilacinus were used for the management of root - knot disease caused by 
Meloidogyne incognita on chickpea var. Avrodhi in the presence and absence of Rhizobium 
spp. Parasitism of M incognita caused growth suppression and chlorosis in the infected 
plants. Non - mycorrhizal and unbacterized plants developed the symptoms earlier than 
mycorrhizal and bacterized plant. Plant growth (length, fresh and dry weights) and nutrient 
status (nitrogen, phosphorus and potassium contents) showed an increase in the presence of 
G. fasciculatum followed by Rhizobium and P. lilacinus compared to the former alone. Use 
of Rhizobium and G. fasciculatum was better for nodulation and plant growth. 
Inoculation of management agents prior to nematode proved better for the 
management of root - knot nematode. Use of G. fasciculatum , P. lilacinus in the presence 
ofRhizobium caused highest reduction in nematode multiplication and greater improvement 
in plant growth. Inoculation of A/, incognita had a negative effect on mycorrhization by G. 
fasciculatum. Presence of P. lilacinus produced favourable effect on mycorrhization 
efficiency when plants were inoculated with G. fasciculatum prior to M. incognita. 
ROLE OF PLANT SYMBIONTS IN THE 
MANAGEMENT OF ROOT-KNOT NEMATODE, 
MELOIDOGYNE INCOGNITA ON CHICKPEA 
THESIS* 
SUBMITTED FOR THE DEGREE OF 
Doctor of Philosoph>r 
I N '. • 
BOTANY 
BY 
ARCHANA GAUTAM 
DEPARTMENT OF BOTANY 
ALIGARH MUSLIM UNIVERSITY 
ALIGARH (INDIA) 
1999 

DEDICATED 
TO MY LOVING 
PARENTS 
^/>s/uid Jf£aAmoiHl 
M.Sc.,Ph.D. 
Tel OS 401016 Res. 401202 
DEPARTMENT OF BOTANY 
AUGARH MUSLIM UNIVERSmr 
AUGARH - 202002 (INDIA) 
Certificate 
This is to certify that thesis entitled "ROLE OF PLANTSYMBIONTS 
INTHEMANAGEMENTOFROOT-KNOT NEMATODE, MELOWOGYNE 
INCOGNITA ON CHICKPEA " embodies original and bonqftde work car-
ried out under my supervision by MissArchana Gautam. It may be submit-
ted to the Aligarh Muslim University, Aligarh towards the fidfilment of re-
quirements for the de^ee of Doctor of Philosophy in Botany. 
Dr. Irshad Mahmood 
Research Siq)ervisor 
ACKNOWLEDGEMENTS 
I express my thanks to Almighty God with the blessings of whom this 
cherished work led to completion with the desire outcome. 
I am highly indebted to my supervisor. Dr. Irshad Mahmood, Department 
of Botany, A. M. U., Aligarh, for suggesting the problem of vital interest and for 
criticism, concepts, discussions, encouragement and ideas throughout the period 
of investigations and writing of this tiiesis. 
I am grateful to Prof. Saeed A. Siddiqui, Chairman, Department of 
Botany for giving encouragement and providing necessary laboratory facilities, 
I feel pleasure to thank Prof. M. Wajid Khan, for providing excellent 
support in organising the running text of the thesis. 
I also feel indebted to Prof. A. K. M. Ghouse, Department of Botany, A. 
M. U., Aligarh, who enlightened me with his expert advice throughout the 
period of writing of this thesis. 
I am also grateful to Dr. Zaki A. Siddiqui for his consistent advice during 
the course of experimentation and preparation of this manuscript 
Thanks are also due to my friends Mr. Anis Mohd and Ms. Rajesh 
Tripathi. I am also thankful to Mr. G. A. Subramanian for Data Analysis and 
clean typing work. 
I feel pleasure to express my heartful thaitks to my laboratory colleague 
Dr. Javid Iqbal for his excellent support and cooperation. 
The financial assistance rendered by the Alig€irh Muslim University in the 
form of research fellowship is highly acknowledged. 
Finally I am obliged to my parents, brothers and 'Bhabhiji', whose 
patience, encouragement love and sustainable support during my studies. 
(ARCHANA GAUTAM) 
TABLE OF CONTENTS 
Page 
number 
INTRODUCTION 1 
LITERATURE REVIEW 5 
SECTION I 
The occurrence of arbuscular mycorrhizal fungi, characterization of 
arable soil, spore population of AM fungi in soil and root colonization of 
some common leguminous crops cultivated in Aligarh District - survey. 
Introduction 49 
Materials and Methods 49 
Results 52 
Discussion 58 
Summary 62 
SECTION II 
Comparative efficacy of different Arbuscular-mycorrhizal fungal species 
(AMF) on chickpea {Cicer arietinum) 
Introduction 64 
Materials and Methods 65 
Results 71 
Discussion 77 
Summary 79 
SECTION III 
The interaction study between Meloidogyne incognita, mycorrhizae and 
Rhizohium on chickpea plants. 
Introduction gO 
Materials and Methods 81 
Results 86 
Discussion 102 
Summary 104 
SECTION IV 
Effect of AM fungus and the fertilizers (N, P and K) on Meloidogyne 
incognita infestation on chickpea. 
Introduction 105 
Materials and Methods 108 
Results 111 
Discussion 144 
Sunmiary 152 
SECTION V 
An interaction study of the AM fungus, Glomus fasciculatum a 
biocontrol agent, Paecilomyces lilacinus and the root - knot nematode 
Meloidogyne incognita in the absence and presence of Rhizobium on 
chickpea. 
Introduction 156 
Materials and Methods 157 
Results 159 
Discussion 170 
Summary 176 
LITERATURE CITED 177 
APPENDICES 224 
LIST OF TABLES 
Table Title of tables Page 
number number 
Review of literature 
1. Inhibitory effect of root nodule bacteria on nematode reproduction. 13 
2. Stimulatory effect ofroot nodule bacteriae on nematode reproduction. 14 
3. Mycorrhizal fungi had adverse effect on nematode reproduction. 35 
4. Mycorrhizal fungi had no effect on nematode reproduction. 41 
5. Mycorrhizal fungi had stimulatory effect on nematode reproduction. 42 
6. Effect of Paecilomyces spp. on nematode reproduction and plant 45 
growth 
Section I 
7. Soil characteristics ofthe four sites at Aligarh 50 
8. Spore counts of Glomus mosseae at different sites under different 56 
crops. 
9. Spore counts of Glomus constrictum at different sites under different 56 
crops. 
10. Spore counts of Glomus fasciculatum at different sites under different 56 
crops. 
11. Spore counts of Glomus aggregatum at different sites imder different 59 
crops 
12. Spore counts of i4cau/o5/?ora at different sites under different crops. 59 
13. Spore results of Gigaspora at different sites under different crops 59 
14. Total spore counts at different sites under different crops. 60 
15. Mycorrhization at different sites under different crops. 60 
Section II 
16. Effect of different arbuscular mycorrhizal fungi on growth, 72 
nutrient status, nodulation and mycorrhization of cWckpea var. 
Avrodhi. 
Section m 
17. North Carolina differential host test reaction chart 83 
18. Effect of spore density of mycorrhizal fungus Glomus 90 
fasciculatum on plant growtili, N, P and K content, mycorrhization 
and nodulation of chickpea plant 
19. Effect of symbionts on the length, fresh and dry weights of 93 
chickpea plant having different levels of inoculum of Meloidogyne 
incognita. 
20. Effect of symbionts on the N, P and K an of chickpea plant having 96 
different levels of inoculum of Meloidogyne incognita. 
21. Effect of symbionts on the mycorrhization of Glomus fasciculatum 97 
and inoculation of chickpea plant having different levels of 
inoculum of Meloidogyne incognita. 
22. Effect ofsymbionts on the nematode population of chickpea plant 100 
having different levels of inoculum of Meloidogyne incognita. 
23 Effect of symbionts on the nematode population and number of 101 
galls of chickpea plants having different levels of inoculum of 
Meloidogyne incognita. 
Section IV 
24. Inoculation schedules for experiments IV - A, B and C 110 
25. Inoculation schedule for experiment IV - D 110 
26. Effect of added N level on length, fresh and dry weights of 112 
Glomus fasciculatum (Gf) and Meloidogyne incognita (Mi) 
infected chickpea plants. 
27. Effect of added N level on N, P and K contents of Glomus 114 
fasciculatum (Gf) and Meloidogyne incognita (Mi) infected 
chickpea plants 
28. Effect of added N level on mycorrhization by Glomus 116 
fasciculatum and nodule number in G. fasciculatum and 
Meloidogyne incognita infected chickpea plants. 
29. Effect of added N level on nematode population of Meloidogyne 117 
incognita (Mi) in root and soil of chickpea plants. 
30. EflFect of added N levels on total nematode population and number 118 
of galls of chickpea plants. 
31. EflFect of added P level on length, fresh and dry weights of Glomus 120 
fasciculatum and Meloidogyne incognita infected chickpea 
plants. 
32. EflFect of added P level on N, P and K content of Gl<mms 122 
fasciculatum and Meloidogyne incognita infected chickpea 
plants. 
33. EflFect of added P level on mycorrhization by G/omtt^ yiKc/cn/a/M/w 123 
and nodule number in G. fasciculatum and Meloidogyne 
incognita infected chickpea plants. 
34. EflFect of added P level on nematode population of A/e/o/dlogywe 125 
incognita (Mi) in root and soil of chickpea plants. 
35. EflFect of added P level on total nematode population of 126 
Meloidogyne incognita and number of galls of chickpea plants. 
36. EflFect of added K level on length fresh and dry weights of 127 
Glomus fasciculatum and Meloidogyne incognita infected 
chickpea plants. 
3 7. Effect of added K level on N, P and K content of Glomus 129 
fasciculatum and Meloidogyne incognita infected chickpea 
plants. 
38. EflFect ofaddedK level on mycorrhization by G/omi/5 130 
fasciculatum and nodule number in G. fasciculatum andM 
incognita infected chickpea plants. 
39. Effect of added K level on nematode population of Meloidogym 132 
incognita (Mi) in root and soil of chickpea plants. 
40. Effect of added K level on total nematode population of 133 
Meloidogyne incognita and number of galls of chickpea plants. 
41 Effect of N, P and K Glomusfasciculatum (Gf) and Meloidogyne 13 5 
incognita (Mi) on plant length, fresh and dry weight of chickpea 
plants. 
42. Effect of N, P, K. Glomus fasciculatum (Gf) and Meloidogyne 136 
incognita (Mi) on N, P and K contents of chickpea plants. 
43. ES&A of^,¥,Y^ Glomus fasciculatum {Gf) audi Meloidogyne 141 
incognita (Mi) on nodule number and mycorrhization oi Glomus 
fasciculatum on chickpea plants. 
44. Effect of N, P, K, Glomus fasciculatum (Gf) and Meloidogyne 142 
incognita (Mi) on root and soil nematode population of chickpea 
plants. 
45. Effect of N, P, K Glomus fasciculatum (Gf) and Meloidogyne 143 
incognita (Mi) on the total nematode population and number of 
galls of chickpea plants. 
Section V 
46. Effect of Am fungus G/omtts i^Kcicii/laft/OT,biocontrol agent 160 
Paecilomyces lilacinus on root - knot nematode Meloidogyne 
incognita in the absence of Rhizobium on chickpea. 
47. Effect of AM fungus G/oOT«5^c/cM/arM/wbiocontrol agent 167 
Paecilomyces lilacinus on the root - knot nematode Meloidogyne 
incognita in the presence of Rhizobium on chickpea. 
LIST OF FIGURES 
Figure Title of figures Page 
number number 
1. Effect of different arbuscular mycorrhizal fungi on plant dry 74 
weight on mycorrhization and nodulation of chickpea plants 
2. Effect of different arbuscular mycorrhizal fungi on nitrogen, 75 
phosphorus and potassium content of chickpea plants 
3. Effect of spore density of mycorrhizal fungus, Glomus 87 
fasciculatum on plant dry weight, mycorrhization and nodulation 
of chickpea plants 
4. Effect of spore density of mycorrhizal fimgus, Glomus 89 
fasciculatum on nitrogen, phosphorus and potassium content of 
chickpea plants 
5. Effect of symbionts on plant growth (length, fresh and dry 92 
weight) chickpea inoculated with different inoculum of 
Meloidogyne incognita 
6. Effect of symbionts on the nitrogen, phosphorus and potassium 95 
content of chickpea plants inoculated with different inoculum 
densities of Meloidogyne incognita 
7. Effect of symbionts on the mycorrhization, nodulation and gall 98 
number of chickpea plants inoculated with different inoculum 
densities of Meloidogyne incognita 
8. Effect of N, P, K, Glomus fasciculatum and Meloidogyne 137 
incognita on plant length, fresh and dry weights of chickpea 
plants 
9. Effect of N, P, K, Glomus fasciculatum and Meloidogyne 138 
incognita on nitrogen, phosphorus and potassium content of 
chickpea plants 
10. Effect of N, P, K, Glomus fasciculatum and Meloidogyne 140 
incognita on mycorrhization, nodulation and gall number of 
chickpea plants 
11. Effect of AM fungus, G/omusyiuc/cM/a/uw (Gf), biocontrol 162 
agent, Paecilomyces lilacinus (PI) on root knot nematode, 
Meloidogyne incognita (Mi) in the presence and absecne of 
/{/lizo^iumoitiielengdi, fresh and dry >vei£^ of chickpea plant 
12. Efiect of AM fungus. Glomusfasciculatum (Gf), biocontrol 164 
agent, Paecilomyces lilacinus (PI) on root knot nematode, 
Meloidogyne incognita (Mi) in the presence and absence of 
Rhizobium on N, P and K content of chiclq)ea plant. 
13. Effect of AM fungus. Glomus fasciculatum (Gf), biocontrol 165 
agent, Paecilomyces lilacinus (PI) on root knot nematode 
Meloidogyne incognita (Mi) in the presence and absence of 
Rhizobium on myconfaization, nodulation and gall number of 
chiclq)ea plant. 
EMTRODUCTION 
INTRODUCTION 
Pulse crops occupy very important position in India as they contain nearly three 
times as much proteins as in the cereals. They are, therefore, the main source of protein 
(Jeswani & Vanchaik, 1968; Chand & Srivastava, 1982) for the predominantly large 
vegetarian population of the country. These crops are generally included in cropping 
system patterns as they help to keep the soil alive and productive because of their unique 
ability to fix atmospheric nitrogen with the help of nitrogen fixing bacteria. 
Chickpea {Cicer arietinun L.) is one of the most important pulse crops of India and 
the best legume for human consumption. It occupies about 3/4 of wheat acreage of India 
and constitutes nearly 2/5 of the pulse crops of the country. The average annual area and 
production are about 7-8 million hectares and about 4-5 million tonnes of grain 
respectively. Northern India accounts for nearly 90% of the annual area and about 95 
percent of the production, states like Uttar Pradesh, Himachal Pradesh, Rajasthan and 
Haryana accounting for more than 6 million hectares (Ramanujam, 1997). Chickpea is 
always grown as cold weather {Rabi) crop. It is grown alone or mixed with wheat, barley, 
linseed, safflower and mustard. Chickpea does not need a very fine seed bed. Sowing is 
done in October and November. The crop matures within 90 to 150 days after sowing, 
depending upon the crop variety. Harvesting is usually done fi-om middle of March to 
April. The varieties differ in colour of grain fi"om white to yellow, brownish red to black. 
Agriculture is one of the major factor of the Indian economy, as 70% of population 
is dependent upon it for their livelihood and contributes over 40% of the gross production. 
Nematodes continue to threaten agricultural crops, throughout the world. Estimated over 
all average annual yield loss of the major crops due to damage caused by plant parasitic 
nematode is 12.3% while in chickpea alone it is 13.7% (Sasser, 1989). Root knot 
nematodes are prevalent in 90% of the agricultural crops and are considered to be the 
number one problem. 
Most of the chemicals used for management of plant parasitic nematodes have been 
found to be highly toxic and hazardous to environment. Consequently many of the 
chemicals which were being used as nematicides have been withdrawn from the market. 
The growing concern about the toxic effects of these chemicals have created a need to 
develop suitable non-toxic and eco-friendly alternative method for nematode management. 
Weller (1988) reported the microorganisms present in the rhizosphere provide a front line 
defense for root pathogen attack. Following this, biological control as an alternative to 
chemical control of plant pathogens has generated much interest in recent years (Baker and 
Cook, 1974; Cook and Baker, 1983; Blakeman and Fokkema, 1982; Schroth and Hancock, 
1981; Vidaver, 1982). However, despite this wide interest, only a few biocontrol products 
are commercially available at present (Upadhyay and Rai, 1988). Of the various 
microorganisms present in the rhizosphere, Rhizobium, arbuscular mycorrhizal (AM ) 
fungi, nematophagous fungi, Paecilomyces lilacinus and some bacteria are noteworthy as 
biocontrol agents. 
Rhizobium fixes atmospheric nitrogen and produces toxic metabolites inhibitory to 
many plant pathogens (Haque and Gaffer 1983). Roslycky (1967) reported production of 
an antibiotic bacteriocin while Chakroborty and Purkayastha (1984) reported greater 
production of phytoalexin from seeds having Rhizobium. All this suggest that application 
of rhizobia bacteria which increase nitrogen and plant growth which results in protecting 
plants from damage caused by pathogens. Legumes stimulate rhizobia much more than 
other rhizosphere microorganisms (Nutman, 1965). 
Frank (1885) introduced the Greek word "mycorrhiza" which literally means 
'fungus roots'. Mycorrhizal fimgi form a symbiotic relationship with plant roots in a 
fashion similar to root nodule bacteria in legumes. Arbuscular mycorrhizal (AM ) fiingi 
occur on roots of most of the food and horticultural crops and tropical trees. Arbuscular 
mycorrhizal (AM ) fimgi or Endomycorrhizae develop a perfect symbiosis by which both 
the plant and fungus are benefited. Endomycorrhizae have often been referred to as 
vesicular- arbuscular mycorrhizae. The name 'vesicular arbuscular' derives from structures 
formed by the infecting fungus in the host tissue. 'Arbuscules ' are dichotomously 
branched projection into host cells while 'vesicles' are terminal or sometimes intercalary 
swelUngs which may either lie between host cells or within them. Arbuscules penetrate 
cortical cell walls an interface with the cells plasmamembrane like haustoria of obligate 
parasitic fungi (Brown and King, 1987). The presence of vesicles and arbuscules is the 
diagnostic criterion for identifying VAM in a root. Hyphae within the root are connected to 
an external soil mycelium which may extend several centimeters from the root surface. 
These extended hyphae increase the plants ability to absorb phosphorus, minor elements 
and water (Gerdemaim, 1968; Ratnayake et ai, 1978; Hayman, 1982; Harley and Smith, 
1983). They are also known to reduce damage caused by pathogen (Dehne and 
Schoenbeck, 1975; Bagyaraj et al, 1979; Hussey and Roncadori, 1982; Sitaramaiah and 
Sikora, 1982; Smith, 1987). Increased flow of nutrients was observed in mycorrhizal plants 
which impart mechanical strength to the host. AM fungi improve plant growth, control 
root pathogens, increase nutrients uptake and hormone production, have greater ability to 
withstand water stress, and are potential means of management of waste lands ( Dehne and 
Schoenbeck 1975; Ratnnayake et al, 1978, Bagyaraj et ai, 1979; Hayman, 1982; 
Sitaramaiah and Sikora, 1982). 
The fungus, Paecilomyces lilacinus (Thorn.) Samson is primarily a saprophyte, 
being able to compete and use a wide range of conmion substrates in soil (Domsch et al., 
1980). P. lilacinus has been found to be a potential biocontrol agent for reducing root-knot 
nematode population on various crops (Jatala et al., 1980; Jatala, 1983; Roman and 
Rodriquez-Marcano, 1985; Dube and Smart, 1987, Cabanillas and Barker 1989; Cabanillas 
et al., 1989). Paecilomyces lilacinus penetrates eggs of Meloidogyne spp rapidly. It gets 
established in the soil, grows and spreads quite fast and within a short period of time, 
becomes the dominant species where it is applied (Saikia and Roy, 1994). 
Combined use of inorganic fertilizers and microbs appears to be an interesting 
approach for the maintenance of soil productivity, as well as useful in management of root 
knot disease and improvement of plant growth. For a healthy environment there is need to 
develop safe and effective methods for biocontrol to nematode diseases. 
The aim of the present study is to focus attention on microbes which can be used for 
the management of root-knot nematode Meloidogyne incognita on chickpea. The present 
work is having the following aspects. 
1. A survey of some cultivated legume crops of Aligarh district to determine the 
occurrence and the distribution of AM fungi. 
2. Collection of AM fungi from agricultural fields and maintenance of pure culture by 
single spore inoculation under pot condition. 
3. Screening of different species of AM fungi for determine the efficient AM inoculant 
for chickpea in sterilized soil under glass house condition 
4. Efficient strain of AM fungus Glomus fasciculatum and Rhizobium chickpea strain was 
tested alone and in various combination along with Meloidogyne incognita on chickpea 
(var. Avrodhi). 
5. Effect of different levels of inorganic fertilizers (N, P, K), in the absence and presence 
of G. fasciculatum, onM. incognita multiplication and growth of chickpea. 
6. Effect of individual and simultaneous inoculation of AM fungi, G. fasciculatum and a 
biocontrol agent PaecilomycBs lilacinus in the presence and absence of Rhizobium on 
root knot nematode, M. incognita and growth of chickpea plant. 
The work consists of five section, each having independent introduction, materials 
and methods, results, discussion and summary. A general introduction and literature review 
are given in the beginning and literature cited concentrated at the end of the thesis. An 
£^pendices of ANOVA models is given after the citation of literature. 
REVIEW OF 
LITERATURE 
REVIEW OF LITERATURE 
Arbuscular mycorrhizal fungi (AMF) are major components of rhizosphere that 
affect the incidence and severity of root diseases. A numerous reviews over the last 15 
years on efficacy of AM fungi as biocontrol agents have been done (Schenck and Kellam 
1978; Schoenbeck, 1979; Dehne, 1982; Schenck, 1987; Caron, 1989; Jalali and Jalali, 1991; 
Siddiqui and Mahmood, 1995). The main objective of this review is to analyse the role of 
AMF in the expression of plant diseases and the mechanisms involved therein, and their 
role in biological control of plant diseases. However the recent information regarding the 
interaction of these organisms with nematodes are isolated and is completely lacking in 
Indian context. It is therefore considered desirable to give a short review on this aspect. 
Arbuscular mycorrhizal fungi (AM F) as biofertilizer 
The root-function symbiotic association termed as mycorrhiza and their possible 
beneficial role was brought about for the first time in 1842 and the name mycorrhiza was 
coined by Frank (1885). The importance of AM fungi as a tool for improving the growth 
and productivity in diverse group of plants was recognized only after the work of 
Gerdemann (1968) and Mosse (1973). However, during the last two decades a lot of 
information has been gathered about the taxonomy, ecology, physiology and anatomy of 
AM fungi and their relation with host especially with reference to uptake of phosphorus and 
also other minor nutrients, hormone production and root diseases (Gianinazzi et al, 1982; 
Harley and Smith, 1983; Gianinazzi-pearson and Gianinazzi, 1986; Grahm, 1988). 
Attempts have been made to cultivate them in artificial culture/media and use them in 
different plant production system (Gianinazzi-pearson et al, 1984; Hall, 1988; Gianinazzi 
etal, 1990). 
Structure, taxonomy and distribution of AM fungi 
Arbuscular mycorrhizal (AM ) fungi are geographically ubiquitous occuring over a 
wide range of agro-climatic conditions and showing a very wide host range (Mosse, 1977). 
They are present in the soil in the form of chlamydospores, zygospores and azygospores 
(Trappe and Schenck, 1982). 
AM fungi are presently included in the order Glomales of class Zygomycetes which 
encompasses the genera Glomus, Selerocystis (Glomaceae), Acaulospora, Entrophosphora 
(Acaulosporaceae), Gigaspora, Scutelospora (Gigasporaceae) (Morton and Benny, 1990 
and Verma and Hock, 1995). AM fungi develop association with nearly all cultivated 
plants whether they are agricultural, horticultural or jQiiit crops. There are about, 30,000 
hosts in the world flora (Kendrick and Berch, 1985) and there are about 120 species of AM 
fimgi which are common (Schenck and Perez, 1987). Barea et al. (1993) pointed that 
indigenous and /or introduced vesicular arbuscular mycorrhizal fungi are involved in the 
development of different crop production system including field sown and plantation 
crops and transplantable horticultural plants. Important crops with arbuscular mycorrhizae 
include wheat, maize, all millets, potato, beans, soybeans, tomato, apples, orange, grapes, 
banana, castor, tobacco, tea, coffee, cocoa, sugarcane, mango, rubber, cardamom, pepper 
etc. (Bagyaraj, 1991). 
There are several reports of AM fimgi from diverse habitats from world wide as 
well as from India (Godse et al, 1976; Bagyaraj et al, 1979; Parvathi et al, 1984; Kehri et 
al, 1987; Chandra and Chatterjee, 1989; Kehri and Chandra, 1990). In India studies on 
AM fungi were initiated in 1960's but substantial work on taxonomy, ecology and 
ultiastructure of AM fimgi has been done in the last two decades. 
Schmidt and Scow (1986) foimd that AM fimgi were present to varying degree in 
the roots of atleast some members of all plant communities sampled. Medina et al (1988) 
observed that legume species different in percentage root colonization and total spore 
density among locations. Mohankumar et al (1988) revealed that most plant harboured 
AM fimgi and soil temperature and moisture status influenced the infection. 
Venkataramanan et al (1990) has given qualitative and quantilative distribution of AM 
spores in soil samples from Indian habitats viz, Assam, Arunanchal Pradesh, Manipur, 
Mizoram and Nagaland. The most abundant species are Scutellospora nigra, Selerocystis 
rubriformis and Glomus macrocarpus (Glomus macrocarpum). They suggested that 
inoculation trials in hilly areas with AM fungi proved beneficial to crops such as chilli, 
soybean and maize. Sulochana and Manoharachary (1990) reported a total of 11 AM fungi 
belonging to the genera Acaulospora, Glomus and Gigaspora were found associated in both 
kharif and rabi seasons with six sesame cultivars and the association and colonization was 
greater in Kharif season. AM distribution, occurrence and association are studied in both 
cultivated (Rao et al, 1990; Ganesan et al. 1991) as well as uncultivated sites 
(Blaszkowski, 1993). Kuhn et al, (1991) reported that out of 43 species of flowering plants 
examined, 40 were heavily associated with AM fungi. Root colonization by vesicular 
arbuscular mycorrhizae (VAM) ranged fix)m 6 to 28 per cent and the total spore density 
ranged from 23 to 265 per lOOg soil. The main VAM species collected were Glomus spp. 
and Gigaspora spp. AM colonization levels were higher in herbs than in shrubs (Reyes et 
al., 1992). Natural occurrence of VAM fiuigi in Haryana soils showed that VAM spores 
were more intensive in the rhizophere of non-legumes than of legumes. Soil pH, total soil 
P, available P, type of soil, soil moisture and cropping season influenced the VA 
mycorrhizal population in natural eco-system (Bhardwaj et al, 1997). AM colonization 
happened to be the lowest during winter and highest during summer and autumn (Payal et 
al, 1994). Level of AM colonization varies between the two crops from site to site and not 
related to soil properties (Talukdar and Germida, 1993) and species to species 
(Muthukumar e/a/., 1996). 
AM fungi benefits the host 
Much interest has been shown in arbuscular mycorrhizal fungi in commercial 
agriculture (Ferguson, 1984; Schenck, 1985). The interest stenmied from the published 
evidence which indicate that mycorrhizal fungi, which form symbiotic association with 
plant roots promote plant growth and health (Gerdemann, 1968; Harley, 1969; Tinker, 
1975; Howler et al, 1987; Lin-Xian and Yin 1988; Raju et al, 1990). The use of AM fungi 
for crop productivity requires a selection of an efficient and appropriate fimgus and it has 
been assessed by many workers (Jensen, 1982; Krishna et al, 1985). The agricultural 
importance of AM fungi is mainly due to their ability to increase phosphate uptake and 
other major and minor nutrients of crop plants (Mosse et al, 1973). 
The main hurdle in exploiting beneficial effects of AM fungus for improved 
agricultural productivity is the obligate nature of symbiont. They cannot be grown and 
cultured in the absence of the host plants. Since mass multiplication of these fungi is 
difficult, and making them available for wide use in field is not possible. Presently use of 
AM fimgi is confined to greenhouse and pot culture studies, and to a limited extent in plant 
propagation nurseries (Rangaswami, 1990). Field trials conducted in India indicated that 
AM fimgi inoculations increased crop yield significantly in 50% of the trials (Wani and 
Lee, 1992). Effect of VAM fimgi on various types of plants has been seen by various 
workers (Menge et al, 1978; Plenchette et al, 1981; Kehri and Chandra, 1990; Asif e/ ai, 
1995; Muhammad and Hussain, 1995; Ragupathy and Mahadevan 1995; Adjoud et al, 
1996). 
Growth yield and dry matter increase by AM inoculation have been reported for 
many crops such as barley, onion, soybean and rice (Sanni 1976; Owusu and Mosse, 1979; 
Bagyaraj et al, 1979; Kuo and Haung 1982; Luis and Brown 1986). Owusu and Mosse 
(1979) demonstrated a 12 fold increase in response to field inoculation of onion over a short 
period (13 weeks). Powell and Bagyaraj (1982) found agronomically realistic increase in 
onion bulb production by 18 per cent in the field experiment over uninoculated check. 
Koch et al, (1997) observed that VAM inoculated garlic plants were larger, had more green 
leaves and increased photosynthetic rate, especially at low light intensities, and higher fi-esh 
and dry weights than plants in uninoculated plots. The mean bulb weight fi-om 
uninoculated and VAM treated plots were 27 and 51g respectively. AM fiingi are also 
known to promote growth of cereals under field conditions (Khan, 1975). Luis and Brown 
(1986) evaluated spore inoculation of Glomus mosseae and Glomus fasciculatum in rice 
under an upland condition and found that G. mosseae performed better in term of height, 
dry matter and grain yield. Sanni (1976) has reported that inoculation of rice with 
azygospores of Gigaspora gigantea increased the yield by 41.5 per cent higher than 
uninoculated one. Kehri and Chandra (1990) have shown that inoculation with AM fiingi 
increased yield of each variety of rice but variety "Pant" was most responsive for AM fiingi 
in yield improvement. Out of six AM fimgi used. Glomus macrocarpum and G. claroideum 
were most versatile in promoting the yield. On the other hand for upland rice, maximum 
grain yield was shown by Glomus fasciculatum followed by Acaulospora sp. (Secilia and 
Bagyaraj, 1990). The response of wheat variety " Shift" depended on the types of AM 
inoculation. Generally inoculated plants had greater number of grains/spike and higher 
grain weight than non-inoculated control plants (Asif et al, 1995). Inoculation with 
Glomus versiforme increased the dry weight by 10-20 per cent in sorghum (Singh and 
Tilak, 1990). Jensen (1982), Krishna et al. (1985) and Singh and Tilak (1990) reported the 
active role of mycorrhizal fungi on sorghum plants in growth metabolism. Effect of G. 
fasciculatum, G. mosseae, Gigaspora calospora and Acaulospora laevis on sorghum 
variety C026 was seen by Prabhakaran et al. (1995) who found increased biogrowth of 
both the plants by G. fasciculatum. 
Increased growth response and nutrient uptake has been reported because of AM 
symbiosis in several field grown forage and seed legumes. In case of pigeonpea, the 
inoculated plants had higher mycorrhizal root colonization, shoot and root dry weight and 
phosphate content (Manjunath and Bagyaraj, 1984; Ramraj and Shanmugan, 1990). 
Glomus leptotrichum, G. macrocarpum, Acaulospora laevis, Gigaspora margarita and G. 
fasciculatum were equally good in promoting dry weight (Reddy and Bagyaraj, 1990). 
However, Ramraj and Shanmugam (1990) found Glomus etunicatum to be effective in 
increasing the shoot dry weight of cowpea. Information on the selective association of 
VAM with soybean is meager. Kuo and Haung (1982) found highly significant increase 
(21%) in grain yield of soybean with AM fimgi inoculation {Glomus spp.). Significant 
response of soybean to inoculation with AM fungi in phosphate deficient soil, has been 
reported by (Raverkar and Tilak, 1988 and Ross, 1970). Effective AM fimgi for cassava 
(Sulochana et al. 1995) and chickpea (Singh and Verma, 1987) were Glomus fasciculatum 
and Glomus etunicatum. In black gram dry weight were found to be significantly higher on 
inoculation with G. fasciculatum, G. constrictum, G. versiforme and Acaulospora sp. 
(Umadevi and Sitaramaiah, 1990). 
Sundaram and Arangarasan (1995) found that out of four cultures of VAM fungi 
used, inoculation with G. fasciculatum gave the highest finit yield of tomato (1368 g/plant) 
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i.e. 35% increase over the control followed by G. mosseae 24%, Gigaspora margarita 21% 
and Acaulospora laevis 19%. AM association also improved the quality attributes, such as 
increase in percentage of vitamin C and total soluble sugar and enhanced the productivity of 
plant (Selvaraj et al., 1995). Hazarika and Phookan (1995) reported that Glomus 
aggregatum, G. mosseae and G. fasciculatum exhibited significant influence on growth and 
yield of chilli in nursery bed. There was wide variation in growth promoting efficiency of 
different VAM fungal species in Physalis minima L. Glomus geosponim showed better 
growth and nutrition response significantly followed by G. mosseae (Selvaraj et al, 1995). 
Groundnut is also known to be benefited from mycorrhizal association. Significant 
increase in dry matter yield (Daft and El- Giahmi, 1976), phosphate uptake and stimulation 
of root and shoot growth (Krishna and Bagyaraj, 1982) have been reported in groundnut. 
Joshi (1995) also reported an increase in pod yield due to VAM fimgi association. 
Mycorrhizal fungi enhance the absorbtion of nutrients by increasing the total 
surface area of the roots. Mycorrhizal infection can improve the phosphorus nutrition of 
the host. Absorbed phosphorus is probably converted into polyphosphate granules in the 
external hyphae (Callow et al, 1978) and passed to the arbuscules for transfer to the host 
(White and Brown, 1979). This flow of phosphorus occurs in the presence of acid 
phosphates (Gianinazzi et al, 1979) during the arbuscular hfe span (Cox and Tinker, 1976) 
or senescence (Kinden and Brown, 1975). The mycelial network in mycorrhizal plants 
enables them to extract phosphorus from places beyond the zone of low concentration 
around the roots and depend on the distribution and phosphate uptake of external hyphae 
(Jakobson er a/., 1992). Mycorrhizal fungi tap organic and inorganic phosphorus sources 
in soil which are normally unavailable to non-mycorrhizal plants (Powell, 1979). The 
subtle changes do occur in mycorrhizal roots and these changes may be of considerable 
consequences to host growth and nutrition, as well as functional growth strategy. An 
increase in stele circumference induced by mycorrhizae would allow greater uptake and 
passage of water and nutrients of the vascular cylinder (Miller et al, 1997). 
AM fungi play an important role in water economy of the plants and their 
association improves the hydraulic conductivity of the roots thereby helping the better 
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uptake of water by the plant. Absorbtion of water by the leguminous weed roots results in a 
better performance of inoculated by mycorrhizal fungi (Kehri and Chandra, 1989, 1990). 
AM fungi help the roots in better absorbtion of water by exploring water in wider zones of 
soil (Safire/a/. 1971,1972). Mycorrhizal plant show better survival than non-mycorrhizal 
ones in extremely dry conditions (Allen e/a/., 1981). The improvement in water relation 
may be due to mycorrhizal fungi exploiting large soil volumes avoiding drought 
maintaining a soil root continuum enhancing plant nutrition (Safir et al, 1972; Balgiano et 
al, 1983; Levy et al, 1983) or increasing stoma conductance through regulation of abscisic 
acid/ cytokinin level or osmo-regulation (Allen et al, 1981; Allen and Boosalis 1983; Parke 
et al, 1983). Introduction of Glomus fasciculatum and G. macrocarpum is reported to 
moderate the adverse effect of higher root temperature (6oi;ges and Chaney 1989). Marx 
and Bryan (1991) postulated that plant survival increased at high root zone temperature due 
to metabolites by the fungal symbiont. 
AM interaction with root-nodule bacterium 
Most leguminous plants are simultaneously symbiotic with nodule forming 
Rhizobium and AM fungi. A wide range of leguminous host species including those used 
as forage and range sources (medicago, subclover, sweetvetch, siratro, trifolium), as human 
food sources (soybean, fababean, bean, cowpea, pigeonpea, chickpea) and some woody 
perennial tree species {Leucaena, Hedysarum) have been extensively studied to determine 
the nature of relationship. This subject has been reviewed by Cluett and Boucher (1983), 
Barea and Azcon-Aguillar (1985) and Tilak (1985). 
When legumes are symbiotic with both Rhizobium and AM fungi, plant growth is 
generally much greater than control plants symbiotic with either alone. Many reports 
(Bethlenfalvay and Yoder, 1981; Manjunath and Bagyaraj, 1984; Purcino et al, 1986) 
indicate that AM under P stress conditions would itself increase plant growth by increasing 
the P uptake. Improved P nutrition would favour the nitrogen fixation process by 
Rhizobium. The combination of effects resulted in further growth enhancement (Redente 
and Reeves, 1981; Azcon-Aguillar and Barea, 1981; Gamy et al, 1982; Manjunath et al. 
1984; Subba Rao et al. 1986; Kawai and Yamamoto 1986). 
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Arbuscular mycorrhizal fungi are first to colonize the root, and their advance 
establishment seems to favour the process of nodulation by Rhizobium (Smith and Daft, 
1977; Smith et al, 1979). Increased number of nodules on mycorrhizal vs non-
mycorrtiizal plants has been demonstrated in numerous studies (Bethlenfalvay et al, 1985; 
Pacovsky, 1986) 
The photosynthetic rate of mycorrhizal plants is greater than in non-mycoirhizal 
plants (Allen et al., 1981 and Kucy and Paul, 1982) and a greater percentage of the 
photosynthate goes to nodules of mycorrhizal than non-mycorrhizal plants (Pang and Paul, 
1980; Kucy and Paul, 1982; Kosslak and Bohlool, 1984; Harris et al, 1985; Pacovsky, 
1986). Fiuthermore, the P contents of nodules of mycorrhizal plants is generally greater in 
VAM plants than non-VAM plants (Kawai and Yamamoto, 1986). 
Ames et al (1983) and later Barea et al (1987), using '*N techniques, showed that 
both NH4 and NO3 sources of N can be readily absorbed by extramatrical hyphae of VAM 
and that growth enhancement of legumes by VAM can be attributed both to enhanced N 
fixation as well as improved N uptake from soil, especially in NH4 forms. Smith et al 
(1985) showed that VA mycorrhizal fungi are able to assimilate ammonium by means of 
their production of glutamine synthetase, an ability that would be important in uptake from 
soil as well as translocation within the plant. Ammonium released from nodules could then 
be absorbed by VAM hyphae, thereby improving the N economy of the plant. Nearly all 
the leguminous plants with nodules formed by Rhizobium grow better if they are also 
colonized by VA mycorrhizal fungi. The effect of rahizobia on plant parasitic nematodes 
have been sununarised in table 1 and 2. 
Effect of fertilizer on host benefits by mycorrhizal fungi 
Mycorrhizal benefits are greatest and most obvious under low fertilizer input 
conditions that exists in developing countries (Miller et al, 1986; Crush, 1995). Phosphorus 
deficiency is one of the major limiting factor for crop growth and yield in the tropics. 
Farmers in the tropics and subtropics are generally poor and they cannot afford high input 
technology. Mycorrhizae help to conserve and use phosphorus efficiently. This marginal 
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agricultural lands could be made more productive if AM fungi having the ability to utilize 
extremely small quantities of fertilizer are selected and added to the soil. 
Many researches have shown that phosphatic fertilizer can reduce AM colonization. 
However, phosphate fertilizer addition to soil, very low in phosphate, can increase 
colonization of root system possibly through direct effect on AM fiingus (Bolan et al. 
1984). In an experiment to analyse these effects Amijee et al. (1989) found that the 
inhibiting effects of high rates of P on AM colonization appeared due to reduction in 
formation of secondary entry points, mycorrhizal root infection and spore formation in soil 
(Omar, 1995). 
Addition of phosphorus affects the AM colonization of root (Jasper et al, 1979; 
Menge et al, 1978). Out of many reasons, first, it is not soil P that regulates mycorrhizal 
colonization, but rather the amount of P absorbed by the host plant (Menge et al, 1978). 
Secondly available soil P often differs greatly and plant tissue analysis is far more reliable 
method for determining available soil P than other methods of analysing soil. Finally, since 
host plants vary in their ability to absorb P, and mycorrhizal fungi vary in their response to 
P, each plant-soil-AM symbiont system must be evaluated separately (Jasper et al, 1979; 
Menge et al, 1978). It is thought that P influences AM colonization by affecting 
concentrations of root carbohydrates (Jasper et al, 1979) or the amount of root exudates 
(Graham et al, 1982). The best indicator for identifying a soil that will provide good AM 
colonization appears to be the percentage of P in plants at the time of AM colonization 
(Jasper et al, 1979). Recently Sreenivasa and Bagyaraj (1989) observed that rock 
phosphate applied at 100 ppm P level resulted in more infective propagules of Glomus 
fasciculatum as compared to bone meal and superphosphate fertilizer (Clarke and Mosse, 
1981). Long term application of superphosphate fertilizer (15 years of 150 kg P/ha/yr.) 
enhanced the population of arbuscular mycorrhizal endophytes that were little affected by 
subsequent addition of P (Portor et al, 1978). Irrespective of P level the AM fungi did not 
differ significantly in their capacity to infect the roots (Weber and Amorim, 1994; Fay et 
al, 1996). However, Khaliq et al (1997) found that VAM inoculation at three phosphorus 
application levels (3, 10, and 30 mg/kg) significantly suppressed maize seedling growth and 
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phosphorus inhibition of mycorrhizal infection increased with increasing rates of 
apphcation. Nadian et al. (1996) reported that P uptake and growth of the plants decreased 
as the bulk density of the soil increased from 1.0 to 1.6t m"^  The strongest effect of soil 
compaction on P uptake and plant growth was observed at the highest P application (60 
mg/kg soil). At low P jq)plication (18 mg/kg soil), P uptake and shoot and root weight of 
the plants colonization by Glomus intraradices were greater than those of non-mycorrhizal 
plants at similar levels of soil compaction. However, the mycorrhizal growth response 
decreased proportionately as soil compaction increased. In a similar study, Araujo et al. 
(1996) recorded that in tomato plant, at 60 mg P/kg soil, Glomus etunicatum enhanced 
growth rates, P accumulation rate and P utilization rates throughout the experiment. At 120 
mg PAcg soil, G. etunicatum depressed growth, P accumulation and P utilization rate at the 
early growth stages and increased them at the later stages. At 120 mg P/kg soil, P influx 
into mycorrhizal roots was probably limited by carbon supply. In maize, Beyene et al. 
(1996) found that root dry weight increases with increasing levels of P (0, 21.5, 43, 64.5 
and 86 mg P/kg soil) in both mycorrhizal and non-mycorrhizal treatments. Shoot dry 
weight increases until 43.0 and 64.5 mg P/kg soil in inoculated and non-inoculated plants 
respectively. Total uptake of P (as well as P concentrations in root and shoots) and K 
(shoot) was higher in mycorrhizal plants than that of non-inoculated plants at appUed P 
levels. The root K concentrations of inoculated and non-inoculated plants did not vary 
when P was applied. In Trifolium subterraneum, Nadian et al. (1997) also observed that 
total uptake and shoot dry weight of plants colonized by Glomus intraradices were 
significantly greater than those of non-mycorrhizal plants at all levels of soil compaction at 
both P application. In wheat, (cv. WH-147) grown in nutrient deficient soil, inoculation 
with Glomus mosseae on the utilization of rock phosphate (50 and 100 ppm/plant) showed 
enhanced plant growth at both levels of rock-phosphate in combination with G. mosseae, 
with increase in plant height, total dry weight of root and shoot, number of grains per ear 
and density of mycorrhizal colonization in roots. The nutrient content of host plants also 
increased significantly in rock-phosphate + VAM inoculated plants compared to control 
(Chhabra and Jalali, 1997). Goh et al., (1997) noted that vegetative dry matter 
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accumulation of wheat increased by P addition and reduced by VAM infection. Both P 
addition and VAM infection increased grain yield. Zinc concentration and uptake was 
generally reduced by P additions and VAM infection. There was an absence of antagonistic 
effects of Zn additions on P concentration and uptake. In contrast, VAM had both positive 
and negative effects on P uptake depending on the growth stage and translocation of 
nutrients. 
Posta et al. (1997) reported that the positive effect of mycorrhizal inoculation on 
shoot growth decreased as P rate increased. For the various soil volumes, the effect of 
mycorrhizal inoculation on the shoot mass increased as soil volume increased. In all cases, 
mycorrhizal plants had higher P contents. P application reduced the degree of root 
colonization and also the quantity of external hyphae. 
Sitaramaiah and Khanna (1997) reported that mycorrhizal plants produced greater 
vegetative growth with higher levels of chemical constituents than non-mycorrhizal control 
plants. The endomycorrhizal fungus significantly increased root and shoot weight, root 
volume and the chemical constituents (nitrogen, phosphorus, potassium, calcium and 
magnesium) when maize was grown in sterilized, low phosphate soil compared with 
unsterilized, high phosphate soil. In tomato plants lower levels of added soil P upto 120 
mg/kg soil with mycorrhizae improved shoot and root dry matter leaf area, N and P 
concentration increased with added P upto 240 mg/kg soil and mycorrhizal colonization as 
well as photosynthetic efficiency was highest at 60 mg P/kg soil (Araujo et al, 1994) and 
there was a decline in dry matter by 3.3% to 1.5% at 50 mg P/kg and 80 mg P/kg soil 
respectively (Fay et al, 1996). Safir (1987) studied the effect of fertiUzer and lime on 
colonization and spore production which influence the initial soil fertility, soil type, organic 
matter status and host plants and endophyte species. 
The P status of the plaift strongly affects AM fungal colonization and spore 
production and sporulation. This in turn, determines cell membrane permeability and root 
exudation of carbohydrates and amino acids available to metabolites to the fungus (Graham 
et al, 1981). In field addition of P fertilizer to soil reduces either AM fungal colonization 
or sporulation in a variety of crops, including maize, com, soybean, clover {Trifolium spp), 
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small grains and teak stumps (Lu and Miller 1989; Durga et al, 1995). Ravnkov and 
Jackobsen (1996) reported that mycorrhizal colonization was 74.6-88.1 per cent in 
mycorrhizal plants supplied with phosphorus whereas 40.5-47 per cent in non-mycorrhizal 
plants with added P and concluded that increasing P rate decreased the per cent 
colonization. Tawaraya and Saito (1996) also found that addition of P to the host plant 
influenced the composition of root exudates and thereby increase hyphal growth of AM 
fungi. 
Contradictory reports have also shown an increased colonization with the addition 
of P (Bethlenfalvay and Yoder, 1981; Gryndler et al, 1989; Ishac et al, 1994). The 
response of AM fungi to soil fertility, P addition and plant health. AM formation at very 
low soil P level is limited by impaired plant productivity. As soil P is increased by 
fertilizer, plant P status improves and AM formation enhances (Bethlenfalvay and Yoder, 
1981). 
Soil nitrogen and potassium interact with phosphorus to influence colonization by 
AM fimgi. Nitrogen deficiency in onion resulted in reduced colonization (Sylvia and Neal, 
1990). The application of high rates of N (200 kg/ha) with rotation of wheat barley and 
green manure crops reduced AM fungi inoculum potential. Strzemska (1975) reported 
similar reduction in AM formation at high N application rates on com. An increase in N 
level had negative effect on AM colonization on maize (Gonzalez-chavez and Ferrera, 
1989). The apphcation of fertilizer containing P and K and either no N or excessive N also 
resulted in decreased colonization, while a low rate of K addition was associated with the 
highest AM colonization (Gryndler, 1989). A similar kind of observation was made by 
Plenchette and Carpron (1987) that a low rate of K was associated with high levels of 
colonization by AM fimgi. In contrast, the addition of complete fertilizers did not affect 
AM formation (Saif, 1986). At the low soil P levels NK increased mycorrhizae while at the 
high soil-P levels NK reduced mycorrhize (Outlay and Dandurand, 1989). 
When chemical fertilizers were combined with the addition of manures, the results 
were more complex. Manures alone increased spore numbers and root colonization, while 
increasing rate of N, P or K alone resulted in reduced AM fungal inoculum potential. 
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Combined application of manure and P increased shoot dry weight and reduced AM 
infection (Harinikumar and Bagyaraj, 1989; Pasolon et al, 1993). The varied results of 
combined fertilizer and manure application may reflect difference in composition and 
quality of manures, since the effect of manure alone on AM formation has been shown to 
depend on the manure source addition rate, nutrient content, and possibly its state of 
decomposition (Sieverding, 1991). AM fungal species differ in their response to chemical 
fertilizers. Sclerocystis spp. disappeared from tropical soil when they were supplied with 
fertilizer and cuUivated (Sieverding, 1991). In green house studies. Glomus intraradices 
remained unaffected by fertilizer, while sporulation and colonization by Acaulospora 
longula and Gigaspora margarita was suppressed (Thompson et al, 1983). Nitrogen and 
phosphorus in combination interacted to influence root colonization by G. etunicaltum and 
G. margarita (Sylvia and Neal, 1990). The differential response of AM fungal species to P 
fertilizer may result in selection of species less sensitive to fertilizer and less effective as 
mutualists (Jasper et al, 1979). Isolates of single species can also exhibit a differential 
response to P. It appears that intensive agricultural practices involving high fertilizer 
application rate may reduce the efficiency of P uptake by limiting AM fungal colonization 
of crop plants. Pereira et al (1996) found greater response to N application in Glomus 
etunicatum inoculated plants than plants supplied with phosphatic fertilizer. N uptake was 
increased upto 260 per cent by ^pUcation of N in mycorrhizal plants. N uptake was 
increased only by 150 per cent when plants were supplied with the nitrogen in combination 
with phosphorus. 
Fimgal responses to P and N fertilizers are strain dependent. Furthermore, the 
relative amount of N and P directly affect root colonization by AM fungi. A strategy that is 
used to increase colonization is to provide plant having a low nutrient level of P and high 
level of N (Sylvia and Neal, 1990). Mycorrhizal colonization of wheat plant inoculated by 
Glomus intraradices and G. mosseae and treated with 40 kg N+60 kg P resulted an 
increased hyphal entry points and mycorrhizal colonization, but at higher dose of fertilizer 
60 kg N+80 g PAia resulted a decrease in the colonization and hyphal entry points 
(Mehrotra and Baijal, 1994). Hayman (1982) also showed that high rates of nitrogen 
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fertilizers inhibited AM fimgi. However, Thompson (1986) using multiple regression 
found that colonization of maize and wheat roots with Glomus spp was positively correlated 
with nitrogen concentration of roots and negatively related to P concentration. 
Colonization of lettuce roots was also found to increase with higher N and lower P 
concentrations in the roots (Hepper, 1983). Somewhat contrasting results were obtained by 
Sylvia and Neal (1990) who found that P decreased colonization of the roots of onion by 
Glomus etunicatum under N sufficient but not under N limited condition. Intensity of 
mycorrtiizal development decreased with increasing availability of nitrogen and 
phosphorus in the soil (Daft and Nicolson, 1966; Rajapakse et al, 1989; Amijee et ai. 
1989). The number of spores decreased with addition of phosphorus fertilizer. A 50 per 
cent reduction in spore number was recorded after 50 years (Martenson and Carlgren, 
1994). According to Ryan et al. (1994) the VAM colonization in wheat in low fertilized 
field was found to be 2-3 times higher than in fertilized field. 
Fertilizer iqiplication had stimulatory effect on plant growth was evident fi"om 
several studies (Fabig et al, 1989; Zaghloul et al, 1996; Singh, 1996). Elwan (1993) 
observed in pot experiment that maize plant dry weight, length, root surface and 
transpiration rate were increased with P fertilizer inoculated with AM ftmgi. Similar results 
were obtained by Virant-klim and Gogala (1995). They also observed that in the maize 
plant P was higher in plants treated with VAM + P than the plants received the VAM alone. 
Virant-Klun (1992) observed that mycorrhizal maize absorbed more P fi-om soil than non-
mycorrhizal plants and the root of AM plants showed increased acid phosphate activity, 
while Elwan (1993) determined that the uptake of P, K, Ca, Mg, Fe, Mn, Cu and Zn were 
highest when plant received P+AM in combination, followed by P fertilizer alone. 
Extractable soil-P levels also increase P concentration in both leaf and root tissue of maize 
(Outlay and Dandurand, 1989). Azcon et al, (1996) observed that when N was supplied 
solely as NO3 was particularly affected by mycorrhizal status. Glomus fasciculatum 
showed increased growth and nitrate reductase activity. 
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Efficacy of AM fungi in nematode management 
Arbuscular mycorrhizal fungi (AMF) variously influence a number of plant-
nematode interactions (Atilano et al, 1981; Grandison and Cooper 1986; Hussey and 
Roncadori, 1982). High populations of endoparasitic nematode and spore of 
endomycorrhizal fungi were found in a survey made by Hasan and Jain (1987) indicating 
that these nematodes do not affect the VAM fungi and vice versa. However, in some crops 
like gram, cowpea and pigeonpea, low incidence of root-knot nematode in the roots having 
high level of VAM fungi was observed (Hasan and Jain, 1987). Jain and Hasan (1986) in a 
different investigation indicated that the presence of nematodes did not adversely affect 
VAM sporulation and reported that where there was only 50 per cent root colonization, 
nematode number was lower and they rarely infect VAM colonized region of roots, but on 
the other side, the roots infected by endoparasitic nematode were not colonized by VAM 
fimgi while the damage done by plant parasitic nematodes is compensated by mycorrhizae 
unless close to the nematode feeding site. Stimulation of root growth by VAM provides 
greater habitat and sometimes resulted in increase o nematode population. Increased spore 
production and higher root colonization by VAM fungi in the presence of nematodes have 
also been observed (Ingham, 1988). Chlamydospores of AM fungi have been detected in 
the cysts of the soybean cyst nematode. Heterodera glycines (Willox and Tribe, 1974). In 
another report chlamydospores occupied 1-24% of the cysts fi-om field samples (Willox and 
Tribe, 1974). Jain and Sethi (1987) showed that the occurrence oi Heterodera cajani and 
VAM fimgi. Glomus fasciculatum and G. epigaeus in Vigna unguiculata were largely 
independent of each other and the organisms modify the effect of each other to some extent. 
However, an increase in nematode inoculum invariably resulted in reduced root infection 
and spore production by mycorrhizal fungi. The presence of G. fasciculatum showed a 
profound adverse effect on cyst production and multiplication of nematode, while G. 
epigaeus exhibited a reverse trend. 
The antagonistic effects of AM fimgi on nematodes may, be either physical or 
physiological in nature. The nematode control may be through improved plant vigour, 
physiological alteration of root exudates or through direct role of mycorrhizae in retarding 
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the development and reproduction of nematodes within root tissues. Several studies report 
an antagonistic effect of mycorrhizal fungi on plant-parasitic nematodes (Fox and Spasoff, 
1972; Grandison and Cooper 1986; MacGuidwin et al, 1985). Sitaramaiah and Sikora 
(1980) found that Glomus mosseae increased the resistance of tomato plants to 
Rotylenchulus reniformis infection. Baltruschat et al. (1973) reported that 75 per cent 
fewer juveniles of Meloidogyne incognita developed into adults when tobacco was infected 
with a mycorrhizal fungus. AM fungi can alter the physiology of the root, including root 
exudates responsible for chemotactic attraction of the nematode. Sikora (1978) suggested 
that attractiveness of the root system to M incognita larvae was altered by the presence of 
G. mosseae. This and other studies (Sitaramaiah and Sikora, 1981; MacGuidwin et al., 
1985) found decreased larval penetration and retarded nematode development in 
mycorrhizal roots. Sitaramaiah and Sikora (1982) expressed the other version on 
increasing resistance in tomato plants colonized by Glomus fasciculatum against 
Rotylenchulus reniformis by delaying the nematode attack in roots and less formation of 
egg/egg sac. Glomus fasciculatum adversely affected R. reniformis during several phases 
of its life cycle. The body width of the feeding females of nematode in tomato was reduced 
by 9 per cent in mycorrhizal roots. MacGuidwin et al. (1985) found that Meloidogyne 
hapla more readily penetrated non-mycorrhizal roots than mycorrhizal ones in onion. 
Other workers (Atilano et al, 1981; Hussey and Roncadori, 1982) reported that 
mycorrhizae suppress the effect of nematode on the host plant. Growth suppression of 
lemon seedlings was reduced when plants were concomitantly infected with a mycorrhizal 
fungus and the plant-parasitic nematode Tylenchulus semipenetrans (O' Bannon et al., 
1979). Hasan and Jain (1987) observed a positive interaction between AMF and stunt 
nematode {Tylenchulus vulgaris) in which AM fungi offset nematode damage and the plant 
growth and phosphorus content of Trifolium alaxandrinum increased. Several investigators 
(Atilano et al., 1981; Cason et al., 1983; Roncadori and Hussey 1977; Heald et al., 1989) 
have suggested that increased nutrient uptake by mycorrhizal fungi enhances plant 
tolerance relative to the detrimental effects on nematode. Similarly, it had been found that 
presence of mycorrhizae may increase the tolerance of plants to diseases (Chandra and 
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Kehri, 1996). The number of giant cells formed by the mycorrhizal plants was 
significantly low in tomato plants infected with root-knot nematode, M. incognita and 
mycorrhizal roots did not prevent penetration by the nematode larvae (Suresh et al., 1985). 
Nematodes significantly retard mycorrhizal infection of susceptible cultivars of alfalfa 
(Grandison and Cooper, 1986). AM fimgi were rarely inside the galls tissue but were found 
adjacent to it (Hussey and Roncadori, 1982). AM fungi have not been observed in the giant 
cells of Meloidogyne. The lack of myconhizae near nematode galls may account for 
reduction in total root colonization by G. intraradices (Heald et al.. 1989). However, 
Kellam and Schenck (1980) found mycelia, arbuscules and vesicles of G. macrocarpus in 
hypertrophied tissue within galls. But these structures of mycorrhizae were typical, 
characterized by lysing and disintegrating hyphae. They never observed appressorium 
formation and penetration of gall tissue in lucerne infected with M.hapla, although hyphae 
fi^uently traversed the galls surface without penetration (Grandison and Cooper, 1986). 
Baghel et al. (1990) observed that Glomus mosseae stimulated the growth of citrus 
jambhiri seedlings. The nematode Tylenchulus semipenetrans decreased growth and 
simultaneous inoculation with AM fimgi and nematode partly neutralized the adverse effect 
of the nematode, as the fimgus was limiting the development of the nematode. Sivaprasad 
et al. (1990) showed that the pre-inoculation oi Piper nigrum cv. Parmiyur cuttings with 
Glomus fasciculatum or G. etunicatum reduced the root-knot {Meloidogyne incognita) 
index by 32.4 and 36.0 per cent respectively; reduced nematode population in roots and 
surrounding soil; and significantly increased growth even in the presence of the nematode. 
Studies conducted by Kassab and Taha (1990a) revealed that the presence of AM fimgi in 
roots of Ipomoea batata significantly suppressed the population of Tylenchorhynclus sp. 
but generally increased the population of Rotylenchulus reniformis and Criconemella sp. 
Kassab and Taha (1990b) conducted fiirther studies and noted that in pot experiments on 
Trifolium alexandrinum, AM fiingi (mainly G/o/wM.s)alone significantly improved plant 
growth increasing fi-esh and dry weights of roots and shoots, number of nodules and 
inflorescence; nematodes (Meloidogyne arenaria) and {Tylenchorhynchus sp.) infection 
singly or concomitanfly, significantly suppressed the growth, reduced the number of 
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nodules and inflorescence in both mycorrhizal and non-mycorrhizal roots. Population of a 
sedentary endoparasitic nematode {M.arenaria) in soil and in roots was significantly higher 
in mycorrhizal than in non-mycorrhizal plants. The situation was reversed in migratory 
ectoparasite Tylenchorhynchus sp. (Jain and Sethi, 1987). In rooted cuttings of Kiwi fruit 
{Actinida deliciosa) with or without AM and inoculated with 8000 eggs of Meloidogyne 
hapla or M. javanica, vegetative and root growth were reduced only by M.javanica. 
Reproductive rate of both the nematode species was not affected by AM , although final 
population of 
M. hapla was higher than M. javanica. The tolerance of Kiwi plants to M. javanica 
was increased in the presence of Glomus etunicatum (Verdejo et al, 1990). Srivastava et 
al. (1990) found that leaf acid phosphate activity was greater in Meloidogyne incognita 
inoculated tomato plants than Glomus fasciculatum inoculated plants while shoot 
phosphorus concentration was generally higher in Glomus mosseae inoculated plants. 
Singh et al. (1990) noted that pre-occupation of tomato (Pusa Ruby) roots with Glomus 
fasciculatum resulted in an increase in lignin and phenols and this might increase the 
resistance in tomato plants against root-knot nematode, Meloidogyne incognita. Krishna 
Prasad (1991) reported that percentage of root-knot nematode {Meloidogyne incognita ) 
infestation in flue-cured tobacco {Nicotiana tabacum) seedlings was 67.5% at 50 days and 
95% at 75 days after sowing in non-mycorrhizal plants and 48-52 per cent at 50 days and 
73 per cent at 75 days after sowing in mycorrhizae {Glomus fasciculatum ) inoculated plots. 
The number of galls, endoparasites and egg masses per infested seedling was reduced by 
61-89 per cent as a result of mycoirhizal inoculation. Transplanting of mycorrhizal 
tobacco seedling into root-knot nematode infested soil showed that growth and yield of 
tobacco were better, both qualitatively and quantitatively than in non-mycorrhizal plants. 
Mittal et al. (1991) showed that tomato root tissues forming galls following inoculation 
with Meloidogyne incognita had no AM fimgi while roots lacking nematode galls had 
vesicles and arbuscules of Glomus fasciculatum, which inhibits the formation of nematode 
galls. Tylka e/a/. (1991) reported that yield of mycorrhizal and non-mycorrhizal plants in 
two soybean cultivars, viz. Bragg and Wright, was suppressed by soybean cyst nematode 
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(SCN). Soil population was unaffected by AM fungi in 1986 but was greater in microplots 
infested with AM ftingi than in control in 1987. Numbers of SCN in root and soil were 
decreased by AM fungi by as much as 73% after 49 days afler planting SCN inoculum 
level. AM fimgi infested root, stimulated the growth of cowpea plants by improving host 
nutrition and minimising the damage caused by Meloidogyne incognita perhaps by change 
in root exudate causing fewer nematodes to be attracted to and penetrated the plant roots 
(Ahmed and Alsayed, 1991). Prior establishment of VAM fungi, Glomus fasciculatum and 
G. mosseae tended to mitigate the effect of Meloidogyne incognita. Presence of the 
nematode interfered with mycorrhizal root infection and spore production. Earlier 
introduction of mycorrhizal fimgi adversely affect root-knot nematode population to a 
greater extent than simultaneous inoculations or nematode preceding mycorrhize and 
improved shoot-root length, fresh and dry weight. G. fasciculatum was found to be the 
better and most effective mycorrhizal fungus when compared with G. mosseae in its 
overall perfomiance (Sharma and Trivedi, 1994). 
Glomus fasciculatum application into the nursery beds helped the mycorrhize to 
colonize the tomato roots before transplantation to the main field, thereby preventing the 
penetration and development of nematode in the infected plants (Sundarababu and 
Sankaranarayanan, 1995). Rao et al. (1996) found that interactive effects of Glomus 
fasciculatum, Meloidogyne incognita and Calotropis leaf, resulted in a significant 
reduction of root-knot galls and number of eggs per egg mass. 
The reduction of symptoms and nematode effects might be dependent on the level 
and timing of AM infection. Saleh and Sikora (1984) showed no increase in the growth of 
Gossypium hirsutum plant when inoculated at the rate of 30-480 chlamydospore per plant. 
Plant growth increased substantially by 41% when inoculated with 750 spores per plant 
equivalent to one spore per cm^ soil. When less than 38 per cent of cotton roots were 
colonized by Glomus fasciculatum, no reduction in number of larvae or eggs of 
Meloidogyne incognita was observed. Similarly, 20-30 per cent VAM infection of cotton 
was insufficient to suppress M. incognita, but nematode reproduction was reduced by 54 
per cent on roots that were more than 50 per cent colonized by G.intraradices (Smith et al. 
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1986). Larvae and adults of A/, hapla were absent from lucerne roots where mycorrhizal 
infection was more than 10 per cent (Grandison and Cooper, 1986). 
Oliveira and Zambolin (1988) studied the effect of different levels of inoculum of 
G. etunicatum and M. javanica on Phaseolus vulgaris at the time of sowing. With the 
increasing inoculimi densities of nematodes, plant growth was reduced but it had no effect 
on mycorrhizal colonization and chlamydospore production by fungus. There was no 
significant increase in damage to bean plants when inoculum level of M. javanica exceeded 
5000 eggs per plant. The presence of G. etunicatum resulted in the reduction of nematode. 
Rotylenchulus reniformis significantly reduced the mycorrhizal root colonization by G. 
fasciculatum on cowpea though the values increased with increasing levels of G. 
fasciculatum (Lingaraju and Goswami, 1993). Kassab (1995) observed that level of 
inoculum, timing of invasion, habitable space, competition for nutrition, or physiological 
changes in roots, each singly or collectively play a role in suppressing the penetration and 
development of both organisms. However, measurable damage to plant growth could be 
avoided by increasing initial inoculum level of VAM by two or iom times to that of M. 
incognita. Sitaramaiah and Sikora (1996) reported lower numbers of adult females with 
lesser egg masses on mycorrhizal root inoculated with 300 spores or above as compared to 
controls and with this increase in the spore concentration of the fungus from 300 to 1800 
spores/plant resulted in the reduction of soil population ranging from 40 to 80 per cent. In 
general, nematode did not have any effect on the number of spores produced or root 
colonization of the fungus. 
The timing of AM inoculation is also important. Plants preinoculated withVAM 
fiingi 4 weeks before challenge with Meloidogyne incognita and M hapla had less 
nematode infection and development than plants inoculated simultaneously (Cooper and 
Grandison, 1986, 1987). Mycorrhizal effects on M incognita were more pronounced when 
cotton plants were inoculated with G. intraradices 28 days before the addition of nematode 
(Smith et al, 1986). Suresh and Bagyaraj (1984) reported that prior application of Glomus 
fasciculatum followed by Meloidogyne incognita reduced nematode infection better than 
simultaneous application. Umesh et al. (1988) observed that Glomus fasciculatum 
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inoculation resulted in an increase in length, dry and fresh weights of Musa acuminata 
while inoculation with burrowing nematode, Radopholus similis resulted in a decrease in 
root growth but this adverse effect was mitigated by mycorrhizal inoculation seven days 
prior to nematode inoculation. Thomas et al (1989) noted that growth of Elettaria 
cardamomum was reuced by the nematode M incognita. AM fungi improved plant growth 
and reduced nematode population, both when inoculation was made simultaneously or after 
nematode inoculation. Gigaspora margarita and Glomus fasciculatum were the most 
effective AM fungi which were able to promote maximum growth response both in the 
presence and absence of root-knot nematode. Osman et al. (1990) reported that height and 
fresh weight of Phaseolus vulgaris was increased when inoculated with Glomus sp. 
Meloidogyne incognita alone decreased plant height and dry weight as compared to 
unfreated confrol plants. A significant increase in fresh weight was, however, observed 
when plants were inoculated with Glomus sp. 15 or 30 days before M. incognita 
inoculation. There was hardly any difference in total nitrogen content, when the plants 
were inoculated with nematode alone or inoculated simultaneously with AM or nematode 
or inoculated with nematode 15 days after AM inoculation, but significant increase in total 
nitrogen was observed when nematode was inoculated 30 days after AM inoculation. The 
nematode inoculated plants alone or nematode + AM showed a decrease in P contents as 
compared to the plant inoculated with AM alone that resulted in an increase in P contents. 
Gal index and nematode population significantly increased with simultaneous inoculation, 
while significant decrease was noted when nematodes were inoculated 15 and 30 days after 
the inoculation of AM . Taha and Abdel-Kadar (1990) observed that pre-inoculation of 
Trifolium alexandrinum with AM fungi mainly Glomus and Gigaspora sp. significantly 
nullified the detrimental effect of post-infection by Meloidogyne incognita on plant 
growth; though the nematode population remained unaffected. When M. incognita was 
followed by AM fungi, plant growth, total nitrogen and phosphorus content decreased in 
comparison with AM alone. Presence of M. incognita galls on roots suppressed 
mycorrhizal development. Inoculation of Vigna unguiculata seedling with Glomus 
fasciculatum or G. epigaeus ( G. versiforme), 15 days prior to inoculation with M. incognita 
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or Heterodera cajani minimized the deleterious effects caused by both nematode. Prior 
inoculation by G. fasciculatum reduced gall formation by Meloidogyne incognita and cyst 
formation by H. cajani. Prior inoculation by G. versiforme results an increase in number of 
cysts. Presence of nematode, reduced per cent mycorrhizal infection and spore production. 
Over 60 per cent colonization of the root system by AM fungi considerably hampered root 
invasion by H. cajani. However, the endophyte did not further influence the development 
of penetrated juveniles or the fecundity of the nematode (Jain and Sethi, 1988 a, b). Osman 
et al. (1991) reported that inoculation with Glomus spp. resulted an increase in fresh 
weight, total N and P content of the plants inoculated at 15 and 30 days prior to 
Meloidogyne incognita inoculation and the development of nematode was inhibited. 
Simultaneous application reduced P content of plant and fungal development and increased 
gall index and final nematode population. Addition of Glomus manihotis reduced the 
reproductive capacity oi Meloidogyne incognita by 14.23 and 23.5 per cent (simultaneous 
inoculation) and by 83.21 and 91.04 per cent (nematode inoculated 4 weeks later) yellow 
and red pitaya respectively (Palacino and Leguizamon, 1991). 
Giovaimetti et al. (1991) observed tobacco plants (cv. BAS76-31) pre-inoculated 
with Glomus monosporum provided a better tolerance to Thielaviopsis basicola than non-
mycorrhizal seedlings. Devi and Goswami (1992) who studied the combined effect of VA-
mycorrhiza and root-knot nematode and Macrophomina phaseolina inoculation with 
Glomus fasciculatum found significantly better plant growth response, indicating the VA-
mycorrhiza did not allow Meloidogyne incognita and Macrophomina phaseolina to invade 
the roots. On the other hand, VA-mycorrhiza did not show any significant effect when 
applied after the establishment of the disease caused by the interaction of M incognita and 
M. phaseolina. Sivaprasad et al. (1992) observed the plants inoculated with VAM resulted 
a significant increase in dry weight of shoot and root as compared to nematode alone. 
Meloidogyne incognita did not influence the mycorrhizal infection and spore count. A 
negative relationship was observed between VAM colonization and intensity of nematode 
infestation. A similar result was also obtained by Sundarababu et al. (1993) while studying 
the effect of Glomus fasciculatum on M. incognita in tomato. Sankaranarayanan and 
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Sundarababu (1994) reported that inoculation of blackgram {Vigna mungo) with G. 
fasciculatum 15 and 20 days prior to the inoculation with Meloidogyne incognita increased 
in biomass production and decrease nematode population. But when G. fasciculatum was 
applied only 5 days prior to nematode root colonization and spore production by VAM 
fungus were reduced. Mahaveer et al. (1994) found that tomato cv. Pusa Ruby was more 
susceptible to G. fasciculatum than Pusa Early Dwarf. VAM colonization was found to 
reduce the root-knot infestation. Prior appUcation of VA-mycorrhiza followed by 
nematodes resulted in greater reduction in nematode infestation than the simultaneous 
inoculation or nematode first, followed by mycorrhiza. Sikora and Sitaramaiah (1995) 
reported that pre-inoculation and simultaneous inoculation of cotton plant with Glomus 
fasciculatum reduced Rotylenchulus reniformis juvenile penetration, egg mass production 
and population build up on mycorrhizal plants when compared to non-mycorrhizal 
controls. Mishra (1996) studied the interrelationship of Meloidogyne incognita . G. 
fasciculatum and the three commonly used herbicides. Higher levels of VAM after 60 days 
of inoculation improved growth of tomato plant whereas higher levels of M. incognita 
caused progressive reduction in plant growth. Simultaneous incorporation of VAM and 
nematode resulted in maximum multiplication of the VAM. Pre-establishment of G. 
fasciculatum increased plant growth, decreased the size and number of galls and improved 
NPK uptake over plants inoculated with the nematode alone or pre-inoculated with the 
nematode to the VAM. Herbicidal combination with VAM and nematode showed overall 
decrease in growth of tomato plants, multipUcation of Glomus and uptake of NPK. 
Butool and Hasseeb (1996) reported that Egyptian Henbane plant growth was 
significantly reduced in plants inoculated with nematode alone, but when simultaneously 
inoculated with Glomus aggregatum plant growth improved although not as much as when 
inoculated with fimgus alone. In simultaneous inoculation of the nematode and fimgus the 
root-knot development and multiplication were reduced. Simdarababu et al. (1996) 
observed that when Glomus fasciculatum was inoculated 15 days earlier than nematode 
inoculation, it was able to enhance the growth of tomato cv.Co.3 and suppress M. incognita 
multiplication in pot experiments. Simultaneous inoculation followed the similar pattern 
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but fungi were enable to suppress nematode growth when the nematode was inoculated 15 
days prior to the fungus. Mishra and Shukla (1997) reported that simultaneous inoculation 
of G. fasciculatum with M. incognita caused greatest reduction in the number and size of 
the nematode-induced root galls. Application of G. fasciculatum 15 days prior to the 
nematode significantly decreased the mmiber and size of the galls and increased growth of 
tomato var. Pusa Ruby compared with the nematode alone and inoculation with nematode 
15 days prior to VAM. NPK contents of tomato plants was significantly higher with prior 
or simultaneous ^plication of the VAM with the nematode. 
Phosphorous fertilization in plants may check nematode attack directly or through 
augmentation by mycorrhizal infection in plant roots. Although the role of the 
phosphorous in mycorrhiza-nematode interactions remains incompletely understood, 
phosphorus status of soil is known to influence plant growth and nematode reproduction 
favourably (Roncadori and Hussey, 1977) and adversely (Oliveira and Zambolin, 1986) or 
may exert no effect. Greenhouse studies to evaluate the influence of Glomus mosseae on 
Rotylenchulus reniformis penetration and development on bush bean, cucumber and 
muskmelon revealed that reduction in the number of nematodes that penetrated 
mycorrfiizal bush bean was 35 and 41 per cent lower than the control, 4 and 8 days 
respectively, after nematode inoculation (Sitaramaiah and Sikora, 1981). Cooper and 
Grandison (1986) showed that mycorrhizal plants exhibited more resistance to 
Meloidogyne hapla at all phosphate levels, and growth benefits were generally more 
significant in plants pre-infected with mycorrhizal fungi. In mycorrhizal root systems, 
nematode numbers increased in lower phosphate soil. However they were either unaffected 
or reduced in mycorrhizal treatments, mycorrhizal root length remained unaffected by 
nematode inoculation. Similar response was observed in several other studies (Grandison 
and Cooper, 1986; Smith and Kaplan, 1988; Carling et al. 1989). Smith et al (1986) noted 
that phosphorus fertilization of cotton increased yield losses due to Meloidogyne incognita, 
increased nematode inoculum densities and increased nematode juvenile penetrating 
seedling roots. Cooper and Grandison (1987) reported regarding the benefits achieved by 
mycorrhizal inoculation of tamarillo (Cyphomandra betacea) against the nematode 
Meloidogyne incognita. Smith and Kaplan (1988) reported that rough lemon seedlings 
inoculated with different dosage of nematode, Radopholus citrophilus, were grown in 
mycorrhizal {Glomus intraradices) infested or phosphorus amended soil (25 and 300 mg 
P/kg soil). Six month later, mycorrhizal and non-myconiiizal high phosphorus plants had 
larger shoot and root weight, lower nematode population densities, significantly greater 
phosphorus contents in leaf tissues than non-mycorrhizal low phosphorus plants. 
Enhanced growth m mycorrhizal plants thus appears from improved phosphorus nutrition 
and not from antagonism between the fungus and the nematode. Similarly, Carling et al. 
(1989) found that at 0, 25, 50 and 150 mg P/kg soil fertility rates of 50-150 mg/kg soil 
irrespective of the plant were inoculated or uninoculated with Gigaspora margarita, 
Glomus etunicatum or Meloidogyne incognita or simultaneously inoculated with either 
endophyte and the nematode. Egg production by the nematode on AM plants was 
suppressed at the lowest level of phosphorus as well as at higher level indicating that the 
induced resistance is possible due to improved phosphorus nutrition in the host. At the 
lowest phosphorus rate, the nematode stimulate sporulation of G. margarita and suppressed 
sporulation of G. etunicatum. Heald et al. (1989) observed that Meloidogyne incognita 
suppressed the growth of non-mycorrhizal Cucumis melo plants by 84 per cent as 
compared to 21 per cent in mycorrhizal plant, in soil amended with 50 mg/g phosphorus. 
Similar trend was observed in soil with 100 mg/g phosphorus. Tolerance of cotton plants to 
Meloidogyne incognita did not result between plants grown in soils amended with 
phosphorus levels with or without mycorrhizal fungus (Ponge, 1991). Price et al. (1989) 
showed that fresh shoot and root weights and shoot lengths in six month old growth of 
EMLA 26 apple root stocks in the field with or without the nematode Pratylenchus vulnus, 
were significantly higher in Glomus mosseae inoculated plants than in non-mycorrhizal 
plants. Addition of phosphorus to non-mycorrhizal plants had little effect. Mycorrhizal 
plants with the nematode showed significantly lower amount of nematode per gram of root 
than non-mycorrhizal plants with the nematode. Low levels of potassium, aluminium, iron 
and higher level of sulphur, manganese and zinc were detected in P. vulnus inoculated 
plants and mycorrhizal plants had the highest level of nitrogen, sodiimi, phosphorus, 
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potassium and iron. Mycorrhizal plants had lower root-knot indices and required half the 
dose of phosphorus compared with non-mycorrhizal plants (Krishna Prasad, 1991). Soil 
phosphorus fertility had no effect on soybean cyst nematode, Heterodera glycines attacking 
soybean (Tylka et al. 1991). Ahmed et al. (1991) reported that all fertilizer reduced the 
population of nematodes in soil and root, except potassium sulphate where population 
reduction was only evident at higher level (200 g/pot). Bary et al. (1992) reported that the 
use of different levels of N, P and K as inorganic fertilizers, improves rice cv. Giza-171 
plant growth, but increased the number of Hirschmanniella oryzae as compared to that of 
the untreated control. The highest population of this pest was obtained at the recommended 
dosage of each fertilizer. Volcy (1993) determined the effect of N and K level upon 
Meloidogyne incognita under greenhouse conditions. Application of urea (100 and 200 kg 
N/ha) and potassium sulphate (50 and 100 kg K/ha) resulted in the highest egg laying than 
plants which received no fertilizers. The fertilizers resulted in improving nematode 
population and also enhancing the host tolerance. Khan and Khan (1995) observed that 
inoculation of Meloidogyne incognitalFusarium solani caused maximum reduction in 
papaya growth in pots. Application of double dose of NPK fertilizer showed great 
improvement in plant growth when infested with either M. incognitalF. solani. An increase 
in N reduced the reproduction factor and number of nematode galls whereas increase in the 
dose of either P or K enhanced the reproduction factor and number of galls. 
Price et al. (1995) studied the effect of Glomus intraradices and soybean cyst 
nematode (SCN), Heterodera glycines singly and in combination on two soybean cultivars, 
Bragg (nematode intolerant) and Wright (moderately tolerant) with low (35 ^g/g) and high 
(70 ng/g) phosphorus. The cultivar Wright grew better than Bragg, showing greater 
response to P and VAM and caused less damage by SCN. The cultivar Wright has a more 
efficient root system and larger shoot root ratio than Bragg which is the basis of the greater 
response to VAM and greater nematode tolerance. Santhi and Sundarababu (1995b) 
studied the effect of different levels of phosphorus (0, 50 and 100 i^g/g soil), the nematode 
Meloidogyne incognita and AM interaction on cowpea. The plant with VAM were more 
resistant to M. incognita than those without. Positive correlation was observed between the 
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phosphorus levels and the nematode population, whereas negative correlation occurred 
between phosphorus levels and VAM spore population and colonization. Carling et al. 
(1996) studied the individual and combined effects of 2 aibuscular mycorrhizal fimgi (AM 
fungi) {Gigaspora margarita and Glomus etunicatum). Meloidogyne arenaria and different 
levels of P (0, 25, 75 and 125 |ag/g soil) on groundnut plant in greenhouse. The highest 
growth and yield occurred at 75 or 125 ng P level regardless of inoculation of AMF. 
Groundnut growth and yield were generally stimulated by AMF development and growth 
alone was suppressed by M. arenaria at 0 and 25 ng P. In challenge inoculations, VAM 
increased groundnut plant tolerance of the nematode and offset the growth reduction caused 
by M. arenaria at the 2 lower P levels. However, VAM and added P increased galling and 
M. arenaria egg production thereby increasing the groundnut susceptibility to nematode 
attack. M. arenaria had only a minimal effect on root colonization by AMF and 
sporulation by the fungus. 
The potential role of mycorrhizal fungi as biocontrol agent for the control of 
nematode plant diseases has recently received considerable attention (Osman et al, 1990; 
Ahmed and Alsayed, 1991; Sankaranarayanan and Sundarababu, 1994; Santhi and 
Sundarababu, 1995 a, b; Price et al, 1995). The damage due to nematode diseases is 
generally reduced in mycorrhizal plants (Carling et al, 1989; Osman et al, 1990; Price et 
al, 1995). In several studies AM fungi have shown an antagonistic influence on the 
population of plant parasitic nematodes (BagyaraJ et al. 1979; Sitaramaiah and Sikora, 
1982; Saleh and Sikora, 1984; Cooper and Grandison, 1986; Carling et al, 1989; 
Sivaprasad et al, 1990; Rao et al, 1992; Sankaranarayanan and Sundarababu, 1994). 
Nematode susceptible plant colonized by AM fimgi were able to tolerate plant pathogenic 
nematodes (Kellam and Schenck, 1980; Sitaramaiah and Sikora, 1982; Grandison and 
Cooper, 1986; Diederichs, 1987; Jain and Sethi, 1989; Osman et al, 1990; 
Sankaranarayanan and Simdarababu, 1994). However, in some cases, fungal colonization 
had no effect on nematode populations (O' Bannon and Nemec, 1979; Cason et al, 1983; 
Grandison and Cooper, 1986). 
3U 
As a result of interaction, in general, the severity of nematode diseases is reduced in 
mycorriiizal plants (Table 3). However, in some instances root colonization by 
mycorrfaizal fungi had no efTect on nematode reproduction (Table 4), while it was even 
found to be stimulated in some cases (Table 5). 
Influence of biological control agent, PaecUomyces lilacinus on nematode 
In the past two decades there is increasing evidence to determine the capacity of a 
number of opportunistic soil fungi to parasitize females and eggs of endoparasitic 
nematodes. Several fungi, pr^acious nematodes, bacteria, viruses, rickettsias and 
sporozoans are now known to reduce nematode population and parasitize nematode eggs, 
females and cyst. Some of these organisms have been found quite beneficial for nematode 
management. PaecUomyces lilacinus is one of the important fungi widely used for 
managing nematode population. 
P. lilacinus was isolated in early 1978 from egg mass of Meloidogyne incognita 
acrita infecting potato roots. It frequently infects the eggs and occasionally the females of 
M. incognita acrita (Jatala et at., 1979). Infection of eggs and females of M incognita 
acrita by the fungus was recorded by Jatala et al. (1979). P. lilacinus was also effective as 
a biocontrol agent of Heterodera pallida. Eggs of Globodera pallida on potato roots were 
infected by hatching, declined due to increased infection of eggs by P. lilacinus (Jatala et 
al, 1981). Gintis et al, (1983) found P. lilacinus associated with the developmental stages 
of H. glycines in soybean field in Albana . The fungus was also found parasitizing eggs of 
M. arenaria in an Alabama soil (Godoy et al, 1983). Cameiro et al (1991) showed that 
population of M. arenaria was significantly reduced by P. lilacinus when applied in 
different dosages. Roman and Rodriguez-Marcano (1985) examined the effect of P. 
lilacinus on the larval and root-knot formation by M. incognita in tomato. The fungus 
controlled the nematodes and reduced root-knot formation and thus fewer larvae were 
found in roots and soils of plants inoculated with the fungus. 
Jimenez and Gallo (1988) found that P. lilacinus under glasshouse conditions 
infected eggs and sometimes females of M. incognita , M. javanica and M. arenaria. 
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Sharma et al. (1989) stated that P. lilacinus as biocontrol agent of M incognita acts better 
than any commonly used nematodes under field infestations. 
Khan and Esfahani (1990) studied the efficacy of P. lilacinus for controlling 
Meloidogyne javanica on tomato in greenhouse. Root galling and egg mass production 
were greatly reduced. The fungus was more effective when both organisms were 
inoculated simultaneously or the fimgus preceeded the nematode in sequential inoculation. 
A high percentage of eggs were found to be infected by P. lilacinus also reduced damage to 
cowpea caused by M. incognita and Rotylenchulus reniformis (Khan and Hussain 1990). 
Laboratory experiment indicate that P. lilacinus grows well at temperatures 
between 15 and 30°C with the optimum being between 25 and 30° C. P. lilacinus is 
compatible with many fungicides and nematicides (Villanueva and Davide, 1983). 
Paecilomyces lilacinus gets established in the soil grows and disseminates quite rapidly and 
within a short period of time, becomes the dominant species where it is applied. Recent 
studies clearly indicate that P. lilacinus is a successful biocontrol agent for nematodes 
(Table 6). 
It is an established fact that mycorrfaizal fimgi form symbotic association with plant 
roots and provide nutritional benefits to the crop plants. The degree of colonization of root 
by AM fungi and the impact of symbiosis depends on the interaction between the host 
symbiont and the enviroiunent. In most studies nematode- susceptible plants colonized by 
mycorriiizal fimgi are better able to tolerate plant parasitic nematode. However, in some 
cases AM fungi had no effect on population densities of endoparasitic nematodes or foimd 
to be stimulatory. This variation prevents to draw an easy conclusion about the effects of 
AM fimgi on plant disease. It can be summed up that other microorganisms in the soil are 
affected by the mycorrhizae and a new rhizosphere balance results. Generally most of the 
studies undertaken so far did not give a clear picture regarding changes, chemical 
constituents in plants tissue, root-knot nematode and AM fungus initial inoculum densities, 
sequences of inoculation, practical application of AM and Rhizobium, effect of N, P and K 
fertilizer on the pathogen symbiont-host interaction. Since many of the possible interaction 
between AM fungi and other soil organisms are positive it becomes obligatory to manage 
A4 
the root-knot disease caused by Meloidogyne species by applying combination of 
mycorrhizal fungi and positive associative biocontrol organism with muhipurpose and to 
grow crop successfully and regain or reach a level of sustainable productivity. We are only 
beginning to imderstand just what changes do occur and what organisms are affected and 
how. So it is imperative to investigate the various aspects of tripartite symbiotic 
association of mycorrtiizae with Rhizobium and host, associated biological agents and 
various fertility levels so that the adverse impact of AM fungus on root-knot disease 
development and nematode multiplication can be fully manipulated. The present study 
carried out in glasshouse condition is an effort in this direction. 
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Table 6. Effect of Paecilomyces lilacinus on nematode reproduction and plant growth 
Fungus Nematode EfTectof fungus on nematode References 
and plant growth 
P. lilacinus M. javanica Fungus reduced number of 
nematodes on cucumber 
Stephane/fl/. (1991) 
P. lilacinus M. incognita Reduced number of nematodes Vicente era/. (1991) 
R. reniformis on water-melon 
P. lilacinus M. javanica Fungal treatment resulted in 
better top growth of okra 
Waliaera/. (1991) 
P. lilacinus M. javanica Fungus at 2 g/pot being most Zaki & Maqbool 
effective when used one week (1991) 
before nematode inoculation 
P. lilacinus M. incognita, Medium and high doses as seed 
M acrita dressings significantly reduced 
root galling 
Khan e/a/. (1992) 
P. Meloidogyne This fungus is one of the natural Marban-Mentoza e/a/. 
marquandii spp soil organism that contribute to (1992) 
nematode control 
P. lilacinus M. incognita Fungus treatment caused greater 
race 3 reduction in nematode 
multiplication than seed 
treatment by ascrobic acid on 
chickpea 
Siddiqui & Mahmood 
(1992 a) 
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P. lilacinus M. incognita P. lilacinus caused greater 
race 3 reduction in nematode 
multiplication than Bacillus 
licheniformis on chickpea 
Siddiqui & Mahmood 
(1992 b) 
P. lilacinus M. incognita There was a decrease in number 
of galls, egg per egg mass, final 
soil population in plants treated 
withfimgus 
Pandey & Trivedi 
(1992) 
P. lilacinus M. incognita Reduced nematode population on Trivedi (1992) 
brinjal 
P. lilacinus M. incognita Significantly more and heavier Vicente & Acosta 
R. reniformis finits were obtained when fimgus (1992) 
was added one week before 
planting of pepper 
P. lilacinus Meloidogyne Shoot weight of brinjal was 
spp increased by 17% with fimgus 
treatments 
Zaki & Maqbool 
(1992) 
P. lilacinus R. reniformis P. lilacinus was better than green Mahmood & Siddiqui 
manuring in reducing nematode (1993) 
multipUcation on pigeonpea 
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P. lilacinus M. incognita Treatment with this fungus was Siddiqui & Mahmood 
race 3 better than Bacillus subtilis in (1993) 
reducing nematode population on 
chickpea 
P. lilacinus M.javanica Significantly control gall 
formation on tomato and okra 
Parveenera/. (1993) 
P. lilacinus M. incognita Controlled nematode population Ekanayake & 
and increased plant growth Jayasundara (1994) 
P. lilacinus M.javanica Suppressed 65 - 83% nematodes Ibrahim (1994) 
on tomato and aubergine 
P. lilacinus M.javanica Four g fungus/kg soil was Zaki (1994) 
founded tobe the optimimi dose 
for the reduction of nematodes 
P. lilacinus R. reniformis This fungus had detrimental 
effects on nematodes both in 
greenhouse and field conditions 
Walters & Barkar 
(1994) 
P. lilacinus M. incognita P. //7acz>iM5 caused greater plant GautameM/. (1995) 
growth than Bacillus subtilis 
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P. lilacinus Heterodera 
cajani 
P. lilacinus M.javanica 
lilacinus was less effective than Siddiqui & Mahmood 
Verticillium chlamydosporium in (1995 b) 
reducing nematode multiplication 
on pigeonpea 
P. lilacinus along with V. Siddiqui et al. (1996) 
chlamydosporium and 
Trichoderma harzianum caused 
greater reduction in nematode 
multiplication in chickpea 
P. lilacinus Meloidogyne Gall index, second stage 
javanica juveniels, number of egg/egg 
mass and egg hatch were reduced 
when castor at maximum 
fertilizer dose and the fungus P. 
lilacinus were combined togather 
Zaki(1998) 
SECTION I 
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SECTION-I 
The occurrence of arbuscular mycorrhizal fungi, characterization of 
arable soil, spore population of AM fungi in soil and root colonization of some 
common leguminous crops cultivated in Aligarh District- survey. 
INTRODUCTION 
A qualitative and quantitative survey of species distribution of arbuscular 
mycorrhizal fungi was carried out at different sites viz., Javan (S,), Khareshwar (S„), 
Harduaganj (S„,) and Kwarsi (S,v) of Aligarh district of Uttar Pradesh, India during 1995-
96. The six commonly cultivated leguminous crops were selected for study at each site 
viz., pea {Pisum sativum L.), chickpea {Cicer arietinum L.), pigeonpea {Cajanus cajan (L.) 
Millsp.), cowpea (Vigna unquiculata (L.) Walp.) mungbean {Vigna radiata (L.) Wilazek) 
and clover (Trifolium repens L.). 
It was foimd that all the sites (S„ S,„ S,,, and Sjv) have sandy loam soil and their 
composition were almost the same and the temperature of the sites ranges from 18 to 36° C, 
while the relative humidity ranges from 65 to 79.8% during a calendar year. All the sites 
have narrow range of pH 7.7 to 8.7 and have satisfactory irrigational facilities with soil 
moisture ranging from 4.04 to 9.01% (Table 7). 
MATERIALS AND METHODS 
Soil sampling and root sample collection 
Sampling was done for each crop separately from the fields of leguminous crops at 
sites S„ S,„ Sni and S^ during the year 1995-1996. Soil samples (soil cones of 5cm dia.) 
were collected at random from each site with the help of soil auger up to a depth of 15 cm 
near the plant base. Fifty such samples were collected for each plant species and were 
thoroughly mixed to make composite sample. Seven samples of 100 g soils were used for 
recovery of spores. 
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Seven root samples for each plant species were collected at random in order to 
assess root colonization of AM fungi. A representative samples of the entire root system 
was obtained from five different portions of the root system after washing by tap water. 
Soil characteristics 
The soil samples were brought to laboratory marked and packed in polythene bags 
and with the help of pH meter, the pH was measured in the extract collected from 1:1 
soil/water suspension (WA )^. The texture of soil in relation to particle size was determined 
by hydrometer method (Allen et al. 1974), total nitrogen by microkjeldel method (Nelson 
and Sommers, 1972) and total phosphorus by molybdenum blue method (Allen et al. 1974). 
Quantitative estimation of spores from the soil 
Spores of AM fimgi were isolated by the wet sieving and decanting method 
(Gerdemann and Nicolson, 1963). A sample of 100 g dry soil was mixed in water (1000 
ml) and the heavier particles were allowed to settle for few seconds. The liquid was poured 
through a coarse soil sieve to remove large pieces of organic matter. The liquid passed 
through this sieve was collected and again passed a set of varied size sieves i.e., 80, 100, 
150, 250 and 400 mesh. Spores obtained on sieves were collected with water in separate 
beakers. The spores were counted in 1 ml of the suspension in nematode counting dish 
under the stereoscopic microscope. The final niunber of spores/100 g soil was calculated 
accordingly for each crop. 
Assessment of colonization by AM fungi 
Clearing and staining of the roots (PhiUips and Hayman, 1970) 
Roots were washed with tap water and cut into 1cm long segments and heated in 10 
% KOH solution at 90° C for 45 minutes, KOH solution was then poured off and roots were 
rinsed well in a beaker until no brown colour appeared in the rinsed water. Alkaline H,0, 
which was used to bleach the roots, was made by adding 3 ml of NH4OH to 30 ml of 10% 
H2O2 and 567 ml of tap water. The roots were rinsed thoroughly at least three times using 
tap water to remove the HjOj. Roots were then treated with 0.05% trypan blue (in 
lactophenol) and were kept for one hour. The specimens were then removed from trypan 
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blue and kept for overnight in a destaining solution, prepared with acetic acid (laboratory 
grade)-875ml, glycerine-63ml and distilled water 63ml. 
The cellular contents were removed by this method and AM fungal structures 
stained dark blue. These stained root segments were used for determining the root 
colonization by AM fungi. 
Percentage of root colonization was determined by slide method (Giovannetti and 
Mosse, 1980). The root segments were selected at random from the stained sample and 
mounted on microscopic slides in groups often. One hundred to one hundred and fifty root 
segments from each samples were used for the assessment. The presence or absence of 
colonization in each root segment was recorded and the result was expressed as percentage 
of root colonized. The root colonization (mycorrhizal infection in the roots) was calculated 
as follows: 
No. of mycorrhizal segments 
% AM association = x 100 
Total no. of segments screened 
Isolated spores were identified with the help of keys provided by different workers 
(Bakshi,1974; Hall and Fish, 1979; Trappe, 1982; Rani and Mukerji, 1988; Srinivas et al, 
1988 ). The data collected during this study were statistically analysed in simple 
randomised design by the method of Panse and Sukhatme (1985). Details of the ANOVA 
model are given in appendix-A. 
RESULTS 
It was found that all the sites (Si, Sn, Sm and Siv) have sandy loam soil and their 
composition is almost the same wdth narrow range of pH 7.7 to 8.7 (Table 7). Soil at Sm, 
was found to have comparatively high organic nitrogen and phosphorus contents than the 
other sites. The P and K contents in soil varied at a narrow range between 7.4 to 8.5 and 
93.5 to 97.9 kg/ha respectivey. In case of P, the highest being at Sm while in case of K, the 
highest being at Sn. 
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All the sites studied showed the presence of different AM fungi. It is evident from 
the survey that genus Glomus is predominant at all the four sites with four species namely 
G. mosseae, G. fasciculatum, G. constrictum and G. aggregatum and genus Acaulospora 
and Gigaspora with one species each. 
Spore number 
The data provided in table 14 indicate that the total spore number per 100 g of soil 
varied with the crop as well as site. The clover crop showed the highest number of spores, 
whereas cowpea the minimum in all the four sites investigated. 
At site I, mungbean showed the second highest nimiber of spores followed by 
chickpea, pea and pigeonpea. The statistical analysis of the data clearly shows that the 
spore number varied significantly from one crop to another. 
At site n, the highest and lowest spore numbers were recorded in clover and cowpea 
respectively, the pigeonpea stood close to cowpea in spore nimiber, varying only to an 
insignificant extent from that of cowpea. The second highest number of spores were 
recorded in mungbean followed by chickpea and pea. The statistical analysis, however, 
showed the spore number in the above crops did not vary to any significant level from one 
another. 
At site III, the spore number in general was found to be poor, compared to other 
sites, although the general trend was same as in others. The spore numbers obtained in pea 
and pigeonpea did not vary to any significant level, although they were significantly higher 
compared to cowpea. 
At site rv, the spore number followed the general trend with minor variation leaving 
aside, the cowpea and clover, the spore number. In the rest did not vary to any significant 
level. 
The data in table 8 shows the spore number of G. mosseae at the different sites in 
relation to different crops. At site I, the highest spore number was obtained in mungbean 
fields closely followed by pigeonpea. The spore number collected in cowpea fields showed 
a close proximity to pigeonpea as well as to clover indicating an insignificant variation to 
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one another. The pea and chickpea fields yield and the lowest number of spores, which did 
not vary to any significant level fi-om each other. 
At site II, the highest number of spores was recorded in mungbean fields compared 
to all the other crops. In pigeonpea, cowpea and clover the spore number aknost at the 
same level showing no significant variation, fix)m one another. In the fields of pea, the 
lowest number of spores were recorded which showed only minor variation to that of 
chiclq>ea as in the case of site I. 
At the sites HI and FV, the spore number of G. mosseae was minimum under pea 
and chickpea cultivation. 
At site III, the highest number of spores were recorded in mungbean fields which 
was closely followed by pigeonpea which in turn was followed by cowpea and clover, the 
last two being at the same level in statistical sense. 
At site rv, the highest number of spores were obtained under clover. The second 
highest nimiber of spores were recorded under pigeonpea and mungbean. In cowpea the 
spore number surpassed significantly fix>m that of pea and chickpea but it was 
significantly lower fi^om that of pigeonpea and mungbean. 
The table 9 shows the spore population of G. constrictum in different sites under 
different crop cultivation. At site I, the lowest number of spore of G. constrictum were 
obtained under cowpea cultivation. The pigeonpea soil supported a marginally higher 
number of spores compared to cowpea. The highest number of spores were obtained under 
clover followed by mungbean. Under pea and chickpea, the spore mmiber exceeded that of 
cowpea and pigeonpea to a significant level. 
At site n, the highest number of spores were obtained under pea cultivation, while 
the lowest was under cowpea and pigeonpea. Under mungbean cultivation, the spore 
number was marginally higher to a insignificant level compared to cowpea and pigeonpea. 
Under chickpea cultivation, the second highest number of spores of G. constrictum was 
obtained. Under clover cultivation, the spore number was close to 50 per cent of what was 
recorded at site I, where the highest number of spores were recorded under this crop. 
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At site III, the highest number of spores of G. constrictum was obtained under 
clover cultivation which was followed by mungbean. Under pea cultivation, the spore 
number was moderate, while under cowpea it was the least. Under chickpea and pea the 
level of spore number stood between pea and cowpea. 
At site rV, the highest number of spores was recorded imder pea cultivation. Under 
chickpea the spore nimiber was significantly higher than in all the other crops except that of 
pea. The lowest nimiber of spores were obtained under cowpea which happened to be 
marginally lower to that of pigeoiq>ea soil. Under mungbean and clover cultivation, the 
spore number did not vary to any significant level but it was significantly higher to that of 
cowpea and pigeonpea. 
The data given in Table 10 shows the level of spore occurrence of G. fasciculatum 
in different sites under different crops. At site I, under pigeonpea, cowpea and mungbean 
cultivation, the spore number remained almost the same and also the lowest compared to 
other crops. The highest mmiber of spores were obtained under clover followed by 
chickpea and pea. 
At site n, the highest number of spores was recorded under chickpea, which under 
statistical sense happened to be at the same level of pea. Under clover, the spore number 
was moderate but it was significantly higher than the rest viz., pigeonpea, cowpea and 
mungbean. The last three supported the least number of spores of G. fasciculatum at all the 
four sites. 
At site in, the highest number of spores were recorded under clover cultivation 
followed by chickpea. Under pea cultivation the spore number was significantly lower 
compared to chickpea and the rest. 
At site rV, the highest number of spores was recorded under chickpea cultivation 
which was closely followed by pea with minor variation. Clover cultivation, however, 
supported a moderate level of spore population but significantly higher to that of 
pigeonpea, cowpea and mungbean. 
i i ^CC. >; )^i\ 
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Table 8. Spore counts of Glomus rnosseae at different sites under different crops 
Crop Site! Site 11 SitelH SiteTv" 
Pea 
Chickpea 
Pigeonpea 
Cowpea 
Mungbean 
Clover 
CD at 5% 
50 
53 
82 
80 
88 
78 
6 
95 
100 
201 
208 
218 
205 
7 
45 
45 
78 
74 
82 
70 
6 
84 
88 
170 
162 
170 
180 
7 
Table 9. Spore counts of Glomus consthctum at different sites under different crops 
Crop 
Pea 
Chickpea 
Pigeonpea 
Cowpea 
Mungbean 
Clover 
CD at 5% 
Sitel 
45 
40 
35 
31 
55 
60 
5 
Site II 
67 
61 
22 
22 
25 
32 
5 
Sitem 
40 
34 
35 
27 
50 
55 
4 
SitelV 
65 
44 
20 
18 
38 
37 
6 
Table 10. Spore counts of Glomus fasciculatum at different sites under different crops 
Crop 
Pea 
Chickpea 
Pigeonpea 
Cowpea 
Mungbean 
Clover 
CD at 5% 
Sitel 
105 
120 
60 
62 
62 
150 
6 
Siten 
172 
180 
97 
96 
100 
135 
10 
Sitem 
105 
116 
64 
59 
57 
145 
6 
SitelV 
167 
171 
94 
98 
90 
141 
4 
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Table 11 gives the data of spore population of G. aggregatum in different sites and 
under different crops. The spore number of this species remained very poor compared to 
other Glomus species investigated. 
At site I, the highest spore number was obtained under mungbean. Under the rest of 
the crops, the spore number varied only to a marginal extent without any significant 
variation. 
At site II, the highest number of spores of G. aggregatum was recorded under pea 
and clover, followed closely by chickpea and mungbean. Cowpea, on the other hand, 
supported the least number of spores. Pigeonpea cultivation supported marginally higher 
number of spores (insignificant variation) to that of cowpea. 
At site III, spore number happened to be the highest under mungbean, closely 
followed by clover. The least number of spores were obtained under pea cultivation, while 
in the rest the spore number remained at the same level. 
At site rv, the highest number of spores were recorded under chickpea, very closely 
followed by mungbean. Under pigeonpea and cowpea, the spore number were at the same 
level, while under pea and clover, the spore number being the least compared to others 
which did not vary to a significant level. 
Table 12 shows spore population of Acaulospora scrobiculata under different sites 
and crops. A glance on the data given in table 12 clearly shows that the spore population of 
this species under the different crops was extremely poor. Under site I, the highest number 
of spores were recorded under mungbean, while the lowest was under chickpea. Under pea 
and cowpea spore number remained the same. Pigeonpea and clover also supported the 
same level of spores of this species. 
At site II, the highest number of spores were recorded under clover while in the rest, 
spore number remained at the same level without any significant variation fi-om one 
another. At site HI, clover and mungbean yielded the highest number of spores while the 
rest supported the least with marginal variation. At site FV, the highest number of spores 
were obtained under cowpea, and the second highest under pigeonpea. Under clover and 
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chickpea, spore number was at the same level, while in mungbean and pea it remained the 
same. 
The table 13 shows the spore situation of Gigaspora gigantea under different sites 
and crops. No spore of this species was recorded under pea, chickpea and clover in all the 
four sites. In the rest, the spore population was extremely poor in all sites. The highest 
number of spores of this species was recorded in site IV under pigeonpea while the least 
number was seen under cowpea in three out of four sites. 
Table 15 shows the per cent colonization of AM fungi in different sites under 
different crops. A glance at the data clearly shows that the percentage colonization 
occurred to the maximum extent under clover cultivation in all the sites yielding an average 
of 67%. In mungbean, the colonization percentage recorded the second highest in all the 
four sites with an average of 61.5%. In cowpea colonization percentage was the poorest 
with an average of 44%. In pea and pigeonpea the average per cent colonization happened 
to be 54% and 48.5% respectively, while in chickpea it was 56.5%. The percent 
colonization in different crops followed the following descending order viz., clover, 
mungbean, chickpea, pea, pigeonpea and cowpea. It was also evident from the data given in 
table 15 that the per cent colonization differed widely the different sites under all the crops 
investigated depending on the soil conditions and environmental factors. For example at 
sites I and III the colonization percentage happened to be poorer than the sites II and IV. 
This may be due to the fact that the former two sites were under the influence of air 
pollution caused by coal burning in the thermal power station of Kasimpur situated within a 
km from the sites I and m. 
DISCUSSION 
The occiirrence of arbuscular mycorrhizal fungi in relation to soil characteristics has 
been studied by a number of workers in the past (Rovira et ai. 1983; Abbott and Robson, 
1985; Meyer and Linderman, 1986; Muthukumar, 1996; Bhardwaj et al, 1997 and Siddiqui 
and Mahmood, 1998). 
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Table 11. Spore counts of Glomus aggregatum at different sites under different crops 
Crop 
Pea 
Chickpea 
Pigeonpea 
Cowpea 
Mnngbean 
Clover 
CD at 5% 
Site I 
10 
9 
12 
10 
20 
7 
6 
Site II 
20 
18 
14 
13 
17 
20 
3 
Site III 
7 
10 
10 
9 
18 
16 
3 
Site IV 
18 
35 
30 
28 
34 
20 
5 
Table 12. Spore counts of Acaulospora scrobiculata at different sites under different crops 
Crop 
Pea 
Chickpea 
Pigeonpea 
Cowpea 
Mungbean 
Clover 
CD at 5% 
Site I 
5 
3 
7 
5 
10 
7 
3 
Site II 
10 
8 
9 
10 
10 
13 
3 
Site III 
3 
5 
5 
4 
8 
9 
2 
SitelV 
8 
10 
12 
15 
9 
10 
3 
Table 13. Spore counts of Gigaspora gigantea at different sites under different crops 
Crop 
Pea 
Chickpea 
Pigeonpea 
Cowpea 
Mungbean 
Clover 
CD at 5% 
Site I 
0 
0 
4 
2 
5 
0 
2 
Site II 
0 
0 
5 
3 
4 
0 
2 
Site III 
0 
0 
3 
2 
5 
0 
2 
Site IV 
0 
0 
9 
2 
4 
0 
3 
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Table 14. Total spore counts at different sites under different crops 
Crop 
Pea 
Chickpea 
Pjgeonpea 
Cowpea 
Mungbean 
Clover 
CD at 5% 
Site I 
215 
225 
205 
190 
240 
310 
9 
Siten 
364 
367 
355 
345 
374 
405 
12 
Site III 
200 
210 
195 
175 
220 
295 
8 
Site IV 
342 
348 
335 
323 
345 
388 
15 
Table 15. Mycorrhization at different sites under different crops 
Crop 
Pea 
Cliickpea 
Pigeonpea 
Cowpea 
Mungbean 
Clover 
CD at 5% 
Site I 
50 
54 
45 
40 
58 
64 
4 
Site II 
62 
60 
53 
47 
70 
74 
4 
Site III 
46 
48 
41 
39 
55 
60 
4 
Site IV 
58 
67 
55 
50 
63 
70 
5 
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The results obtained in the present study show that all the leguminous crops 
investigated are mycorrhizal in nature, as reported by Mosse (1976) and all the crops are 
colonized by AM fungi to a great extent (Table 8-14). It is evident further from the data 
that although the total number of spores happened to be highest under clover cultivation, 
the detail analysis of spore number of the individual AM fungal species clearly indicates 
that they have their own preference to the crop and none of the species investigated has any 
specificity to any particular crop. The present findings do not, therefore, go in agreement 
with that of earlier workers who reported a clear specificity of mycorrhizospheric 
microorganisms with particular crops (Rambelli, 1973; Amens et al, 1984; Paulitz and 
Linderman, 1989 and Linderman and Paulitz, 1990). 
In the present investigation it has been observed that all the crops investigated are 
colonized by the different species of AM fungi extensively showing the direct relationship 
with spore number prevailing at the site. The data obtained in the present study further 
indicate that the AM fungal species prefer clover and mungbean to a greater extent 
compared to other leguminous crops investigated. 
A multiple infection has been observed at all the four sites in the present study. 
Diversity of spore types has been found to be very high and AM fungal chlamydospores are 
quite common in all the samples. Results of similar kind have been reported by Khalil et 
al. (1992), Mosse (1973) and Hayman and Storold (1975). Padmavathi et al. (1991) have 
also come across spores of different AM fimgi occurring often in agricultural soils and they 
also found that Glomus to be the predominant genus among the AM fimgi, in addition to 
Acaulospora and Gigaspora. In the present study, the spores of these three genera of AM 
fimgi have been foimd in the samples collected fi-om all sites. It has been further found that 
the colonization varies to different levels in the different sites. A similar situation has been 
reported by Sulochana Monoharachary (1990), Pang and Shen (1990) and Blaszkowski 
(1993). Muthukxmiar et al. (1996) have come across varying degrees of colonization 
between the species and pointed out that difference in the per cent colonization and 
sporulation of the symbionts receiving similar envirorunent may be attributed to the 
specificity of the symbiont to the crop (Mosse, 1973; Kruckleman, 1975). 
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The soil of all the four sites in the present investigation is of sandy loam with pH 
ranging from 7.7 to 8.8. The organic matter and the other soil characteristics also do not 
show much variation, but the enviroimiental factors appear to be highly variable at the 
different sites. 
Sites I and III located in the vicinity of the thermal power plant of Kasimpur 
blowing out pollutants rich air sweeping through all the 24 hr. while the sites II and IV 
located 20 km away from the source of pollution apparently seems to have no such 
pollutant loaded atmosphere. This appears to be the most probable cause for the poor 
performance of the crops as well as the poor sporulation and per cent colonization of the 
AM ftmgal species at sites I and III (Jahan, 1994; Khan and Kulshrestha, 1995). 
It has been reported by Schwab et al. (1983), Abbott and Robson (1985) that the 
availability of the substrate in roots and the various soil factors affect the production of 
external hyphae. The environmental factors, seasonal agricultural practices and other soil 
microflora have also been found to influence the development of mycorrhizal fungi. The 
present findings on the colonization factors and the relative prevalence of spores in soil in 
different sites go well with the findings of Schwab et al. (1983) and Abbott and Robson 
(1985). 
SUMMARY 
1. A study was conducted to assess the arbuscular mycorrhizal fimgal (AMF) spore 
population and per cent root colonization in commonly cultivated crops of Aligarh 
district like pea, chickpea, pigeonpea, cowpea, mungbean and clover. 
2. Most of the plants in all the sites were mycorrhizal. 
3. Highest AMF spore population and per cent root colonization was found at site 
Kharaishwar followed by Kwarsi, Javan and Harduaganj. In all, three genera of AM 
fungi viz.. Glomus, Acaulospora and Gigaspora were identified. 
4. Out of the three. Glomus was the most predominant genus which showed higher 
frequency of occurrence at all the sites investigated. 
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5. Mixed population with great diversity in AM fungi spore types and presence of 
arbuscules inside the roots were observed. 
6. There was no specification between cultivated crops and the AM fungi, as the spore 
number in soil collected from rhizosphere of the plants during different crops varied at 
different sites. AM fungi preferred clover and mungbean crops compared to others as 
evidenced by rich colonization of these crops at all sites. 
7. The soil collected from the various sites were alkaline in nature with narrow range in 
pH (7.7 to 8.8). No definite relationship was observed between mycorrhizal infection 
and the prevalent edaphic factors. 
8. The results of this study emphasize the need to assess the status of arbuscular 
mycorrhizal association of leguminous crops from different micro-ecosystem to 
understand their mycorrhizal status. 
SECTION II 
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SECTION-II 
Comparative efficacy of different Arbuscular mycorrliizal fungal species 
(AMF) on chickpea {Cicer arietinum) 
INTRODUCTION 
The importance of arbuscular mycorrhizal fungi has received a considerable 
attention in the recent past owing to their beneficial effect in improving the crop 
productivity (Hayman and Mosse, 1977; Tilak, 1993), increased resistance and tolerance to 
drought, and root pathogens in many species of leguminous and other crop plants (Mosse, 
1973; Singh, 1994). AM fungi vary in their physiological interaction with different hosts 
and hence in their effect on plant growth. Species and strains of AM fungi have been 
shown to differ in the extent to which they increase nutrient uptake and plant growth 
(Powell et al, 1980). These observations have led to the introduction of the term 
"efficient" or effective strains by Abbott and Robson (1981). Generally those fungi that 
infest and colonize the root system more rapidly are considered to be " efficient " strains 
(Munns and Mosse, 1980 ). The usefulness of mycorrhizae is especially appropriate in the 
development of sustainable system of agriculture (Mosse, 1986), so as to produce desirable 
effect of improving plant growth and inducing resistance to pathogen in given 
environmental conditions ( Bali et al, 1987 ). Information on the selective association of 
AM with chickpea is meagre. Under natural soil, chickpea is reported to be highly 
mycorrhizal (Jalali and Thareja, 1981; JalaU, 1983; Singh and Verma 1987). Hence there 
is a need to identify specific host, AM association and define conditions under which these 
association function efficiently. The present study deals with the evaluation of different 
AM fungi isolated during survey (section 1) against chickpea (var. Avrodhi) for selection of 
the most efficient species. 
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MATERIALS AND METHODS 
Production of starter culture 
Collection of soil sample 
Morphologically different types of spores recovered from the rhizosphere soils were 
collected separately. In order to collect spores of AM fungi from each site, fifty soil 
samples were collected from the crop fields in AUgarh and adjoining areas with the help of 
auger upto a depth of 15 cm from the rhizosphere of plants. 
Isolation of spores 
Spores of AM ftmgi present in the soil samples were isolated by wet sieving and 
decanting method described by Gerdemann and Nicolson (1963). Samples of 100 g dry 
soil was taken in 1000 ml of water thoroughly shaked and left for a minute to settle down 
the heavier particles. The soil solution was passed through coarse sieve first and then 
decanted on to a series of sieves of varied size i.e., 80, 150, 250 and 300 mesh. The spores 
obtained on sieves were collected with water in separate beakers. The spore suspensions 
were repeatedly washed by Ringer's solution ( NaCl 6g 1"', KCl O.lg 1"' and CaCls O.lg 1' 
in distilled water of pH 7.4) in order to remove the adhered soil particle from the spores. 
The following species were found to be of common occurrence in the agricultural fields of 
the Aligarh district viz. Glomus fasciculatum. Glomus mosseae. Glomus constrictum. 
Glomus aggregatum, Acaulospora scrobiculata, Gigaspora gigantea. All the above-
mentioned species were evaluated for their potential as effective AM inoculant for 
chickpea (var. Avrodhi). The spores of AM fungi were identified under a dissecting 
microscope with help of the synoptic keys suggested by Trappe (1982). The spores of AM 
fimgal species were separated by picking and used for a pot culture. Spores were separated 
with a micro-spatula and picked up by Pasture pipette fitted with a rubber bulb. The tools 
were surface sterilized for 2 minutes in solution containing chloroamine T 20 g/1 , 
streptomycin 300 mg/1 and Tween 80 in trace amount/ml of distilled water. 
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Maintenance of AM fungi culture 
Pure culture of six different AM fungi viz., Glomus fasciculatum (Thaxter Sensu 
Gerd), Glomus mosseae Gerde & Trappe (Nicol. & Gerde.), Glomus constrictum (Trappe), 
Glomus aggregatum (Schenck and Smith emend Koske), Acaulospora scrobiculata 
(Tre^pe), Gigaspora gigantea Nicol and Gerd (Gerdemann and Trappe) collected during 
the survey (Section I) were raised on Rhode's grass (Chloris gayana Kunth) grown in pots 
under glasshouse conditions. To raise Rhode's grass, seeds were surface sterilized with 0.1 
per cent solution of HgCl^  and sown (5 seeds per pot) in 9 cm clay pots, containing 
sterilized soil (66% sand, 24%silt, 8% clay, OM 2%, pH 7.5). Fifty spores of each AM 
fungal species per pot were layered at 6 and 2 cm depth in 50 clay pots. After emergence, 
seedlings were thinned and one seedling was maintained in each pot. After 90 days, the 
plants were uprooted and the spores were isolated by wet sieving and decanting method 
fix)m the pot soil and the roots were stained and examined for the AM colonization. The 
spores, hyphal fi-agments and small plant root segments were then used for further 
experiments. The population of different AM fimgi in the inoculum was assessed by the 
most probable number method (Porter, 1979). 
Inocuiation of AM fungus 
In order to select an efficient AM inoculant for chickpea comparative efficiency of 
the AM fungi recovered from the agricultural fields in improving the performance of the 
crop (Chickpea var. Avrodhi) was evaluated in artificial inoculation conditions. Glomus 
fasciculatum, G. mosseae, G. constrictum, G. aggregatum , Acaulospora scrobiculata and 
Gigaspora gigantea were use in this experiment. 
Seedlings of chickpea {Cicer arietinum L.) var. Avrodhi were raised in sterilized 
clay pots (15 cm diam.) containing 950 g sandy loam soil mixture (66% sand, 24% silt, 8% 
clay, 2% OM, pH 7.7). Later each pot containing 950 g sterilized soil were added with 50 g 
soil containing AM fungus inoculum to make the amount of soil 1 kg/pot. Before sowing 
the chickpea seeds, seeds were surface sterihzed with 0.01 mercuric chloride, and the 
fc/ 
mycorrhizal inoculum of different AM fungi was separately spread as a layer at a depth of 
3-5 cm in the pot (Menge et al, 1977). 
The seedling were recovered with a layer of soil to ensure the development 
of an efficient host fungus association. The inoculum consisted of a mixture of infected 
root segments and soil with extramatrical hyphae and spores (1000 spores/pot) fi-om culture 
of different AM fungi maintained on Rhode's grass, as described earlier. Each treatment 
was replicated five times. A control series was also maintained where no inoculum was 
added to the soil. The pots were watered appropriately and maintained on a glasshouse 
bench with air temperature ranging from 22° C ±3° C. 
The plants were examined 90 days after the transplantation for determining 
the plant growth, mycorrhization and nutrient status of the plants. The samples of the roots 
and soil were processed as described earlier in section I. Mycorrhiztion was recorded in 
term of per cent root colonization. All the data related to growth of plant, root infection and 
nutrient content were analysed statistically by the method of Panse and Sukhatme (1985). 
Minimum difference required for significance (CD.) at 5% level was calculated by the 
ANOVA model given in appendix 'B'. The performance of the crop raised with added 
inoculum of selected AM fungi was compared with that of control and the AM fungus 
causing maximum improvement in the performance over control was selected as efficient 
AM inoculant for the chickpea var. Avrodhi. 
Parameters studied 
The following parameters were determined for each treatment at termination of the 
experiments after 90 days. 
Plant length 
Plant fresh weight 
Percent nitrogen, phosphorus and potassium content of plant 
Mycorrhization 
Nodulation 
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Plant growth parameters 
Length, fresh weight as well as dry weight of plants were recorded after 90 days. 
Plants of each treatment were taken out from the pots and soil particles adhering to roots 
were removed by washing under tap water and properly labelled. In the laboratory, lengths 
of plants were measured by measuring tape and fresh weights of plants were determined 
with the help of a physical balance. For determining dry weights, plants from each 
treatment were wrapped in blotting paper sheets, labelled and dried in a hot air oven 
rurming at 60° C for 24 - 48 h till a constant weight was obtained. 
Root colonization 
At the termination of the experiments root colonization in term of percentage 
extemal colonization was recorded. 
Plant analysis 
Plant samples of each treatment from the glass house experiment were processed for 
estimating phosphorus (P), nitrogen (N) and Potassium (K) contents of plants. Estimations 
were done from the mixed powder of plants of various treatments, in a given experiment. 
Estimation of nitrogen, phosphorus and potassium 
For estimation of nitrogen, phosphorus and potassium in plant materials from each 
treatment, samples were digested in the following way. Hundred mg of oven dried powder 
of plants from each treatment was transferred separately in 50 ml Kjeldahl flask, then 2 ml 
of chemically pure Hj SO4 was added and flask was heated on Kjeldahl assembly for about 
2 h till dense fumes were given off and the contents turned black. Then 0.5 ml of pure 30% 
H2 O2 was added after 15 min of cooling. Heating was continued till the coloiu- changed to 
light yellow. Extract was heated again for half an hour and cooled for 10 min for getting it 
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clear and 3 -4 drops of 30% Hj Oj was added drop wise followed by heating for 15 minutes. 
After that, the digested material was transferred in 100 ml volumetric flask with 3 -4 
washings and volume was made upto capacity. This digested material was used for 
estimating N, P and K (Linder, 1944; Lundergardh, 1951). 
Nitrogen 
Prior to estimating nitrogen present in the digested plant material, standard curve 
was prepared by the following method. 
Nitrogen standard curve 
Different dilution's in 10 test tubes (0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 and 1.0 
ml) were made from the solution prepared by dissolving 0.236 g of ammonium sulphate in 
100 ml of distilled water. The volume was then made upto 5 ml in each test tube by adding 
distilled water. A control was also run side by side. After that 0.5 ml Neseler's reagent 
was added followed by 5 ml of distilled water. Per cent transmittance was read at 525 nm 
from spectrophotometer on developing yellow orange colour after half an hour. Then a 
curve was drawn between concenfration in X axis and O.D. obtained in Y axis. 
Estimation ofN in plant material 
An aliquot of 10 ml was transferred to 100 ml volumetric to which 2 ml of 2.5N 
NaOH was added so as to neufraUze the excess of acid. 10% sodium silicate was added to 
prevent turbidity. The volume was made upto capacity. 5 ml of aliquot was taken in three 
test tubes followed by the addition of 0.5 ml of Nesseler's reagent with shaking. Then 10 
ml volume was made by adding distilled water. After for 5 min, the per cent transmittance 
was read at 525 nm. The concentration was read with help of O.D. from standard curve 
(Linder, 1944). 
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Phosphorus 
Phosphorus standard curve 
Different dilutions of potassium dihydrogen orthophosphate (KHj PO4) (0.1, 0.2, 
0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 and 1.0 ml solutions) were taken into separate test tubes and 
final volume was made upto 5 ml by adding required amount of distilled water. One ml 
ammonium molybdic acid and 0.4 ml of 1 - amino 2 - nepthol 4 - sulphonic acid were 
added in each test tube and the volume was made upto 10 ml with distilled water. After 
half an hour, the percent transmittance was read at 625 nm. Standard curve was drawn 
between concentration and O.D. in X and Y axis respectively. 
Estimation ofP in plant materials 
Five ml of aliquot of digested plant material was taken in three test tubes, to which 5 
ml of distilled water was added. After that 1 ml of ammonium molybdic acid was added, 
with shaking, followed by addition of 0.4 ml of 1 amino 2- nepthol 4- sulphonic acid and 
the volume was made upto 10 ml. The control was run side by side and per cent 
transmittance was read at 625 nm after half an hour. The P concentrations in plant 
materials was calculated from the standard graph using O.D. (Fiske and Row, 1925) 
Potassium 
Potassium standard curve 
Potassimn was estimated using flame photometer. Different dilutions of potassium 
chloride viz., 1, 2, 3,4, 5, 6, 7, 8, 9 and 10 ppm were prepared by dissolving 19 mg of oven 
dried KCl in 100 ml of distilled water and diluting 0,1,2,3,4,5,6,7,8,9, and 10 ml of the 
stock solution to 100 ml. The flame photometer was calibrated to zero using distilled water 
and to 100 using 10 ppm KCl solution and readings for other standard solutions were taken. 
A standard graph was drawn taking concentration in X- axis and readings obtained from the 
flame photometer in Y axis. 
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Estimation ofK in plant materials 
The digested plant materials were diluted with distilled water so as to maintain the 
K concentration in the final solution ranged between 2 to 8 ppm and the reading was taken 
in the flame photometer and with the help of the standard graph, the concentration of K in 
plant materials was calculated. 
RESULTS 
Growth characteristies 
Plant length 
Different AM fungi inoculated in the study behaved differently in supporting the 
growth of chickpea An overall increase in plant length of chickpea plants inoculated with 
different AM fungi occurred. The highest increase in total length was recorded in Glomus 
fasciculatum inoculated plants followed by G. mosseae, G. constrictum and G. aggregatum 
compared to control. AM fungi like Gigaspora gigantea and Acaulospora scorbiculata 
acted differently compared to Glomus. The increase in length of chickpea plant inoculated 
with Gigaspora gigantea and A. .scrobiculata was not significant coinpared to control. All 
the species of Glomus induced better growth in terms of plants length over that of control 
(Table 16). 
Fresh weight 
Glomus fasciculatum and G. mosseae were most effective in increasing plant fresh 
weight compared to those treated with other AM fungi and control. Inoculation of all the 
species of Glomus resulted in significant increase in plant fresh weight compared to control. 
A glance at the data given in table 16 indicates, that the total fresh weight of 
chickpea plants got improved by inoculation with G. fasciculatum, although it v\as at par 
with G. mosseae and G. constrictum. A. scrobiculata and G. gigantea treatment did not 
result in significant increase in plant fresh weight compared to control. Inoculation with G. 
mosseae, G. constrictum treatments showed no difference in their fresh weight yield. 
Inoculation of G. fasciculatum showed a significant increase in total fresh weight of the 
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plants over the control as well as all other AM fungi viz. Glomus aggregatum, A 
.scrobiculata and G. gigantea. 
Plant dry weight 
Glomus fasciculatum proved to be significantly superior to other species in 
increasing the plant dry weight. The inoculation of G. fasciculatum, G. mosseae and G. 
constrictum resulted in almost the same amount of plant dry weight (Figure 1). No 
significant difference could be recorded in plants inoculated with A. scrobiculata or G. 
gigantea compared to control. However, the value of plant dry weight remained the 
minimimi in control. Plants inoculated with G. mosseae resulted in significantly high dry 
weight over that of G. aggregatum. The highest total plant dry weight was supported by G. 
fasciculatum followed by G. mosseae and G. constrictum (Table 16). 
Nutrient status 
Nitrogen content 
No significant difference was observed in the N contents of plants inoculated with 
Gigaspora gigantea (2.66%) or Acaulospora scrobiculata (2.64%) compared to control 
(2.63%). Maximum N content was obtained in plants treated with G. fasciculatum (3.55%) 
followed by G. mosseae (3.00%) and G. constrictum (2.83%) (Figure 2). The difference in 
N content was found to be insignificant between the G. constrictum (2.83%) and G. 
aggregatum (2.79%) inoculated plants. G. fasciculatum proved to be most efficient in this 
regard (Table 16). 
Phosphorus content 
The P content of the plant inoculated with G. fasciculatum was the maximum 
(0.274%). Inoculation of G. mosseae and G. constrictum caused no increase in P content 
(0.259% and 0.256%) (Figure 2). The P content in the plants treated with G. fasciculatum 
(0.274%) was the highest followed by G. mosseae (0.259%), G. constrictum (0.256%) and 
G. aggregatum (0.252%). The difference between the three species of Glomus viz., G. 
mosseae, G. constrictum and G. aggregatum was foimd to be insignificant. The plants 
treated with A. scrobiculata (0.249), G. gigantea (0.250) and Glomus aggregatum (0.252) 
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Control Gm Gc Ga 
Control Gf 
Control Gf 
Gf - Glomus fasciculatum, Gm - Glomus mosseae, Gc - Glomus constrictum, 
Ga - Glomus aggregatum, Gg - Gigasporagigantea, Ati- Acaulospora scrohiculata 
Figure 1. Eflfect of different arbuscular mycorrhizal fungi on plant dry weight on 
mycorrhization and nodulation of chickpea plants 
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Contro] 
Control 
Control 
Gf - Glomus fasciculatum, Gm - Glomus mosseae, Gc - Glomus comtrictum, 
Ga - Glomus aggregatum, Gg - Gigaspora gigantea, AJ - Acaulospora scrobiculata 
Figure 2. Effect of different arbuscular mycorrhizal fUngi on nitrogen, phosphorus and 
potassium content of chickpea plants 
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showed similar amount of P content. Increase in P content in plants treated with A. 
scrobiculata was found to be insignificant compared to control (0.248%) (Table 16). 
Potassium content 
The potassiimi content of G. fasciculatum inoculated plants (2.06%) was found to 
be significantly superior to those inoculated with others except G. mosseae. Significant 
difference occurred in K content of G. fasciculatum inoculated plants (2.06%) compared to 
control (1.90%) (Figure 2). No significant difference occurred in K contents of plants 
treated with Glomus species viz G. fasciculatum (2.06%) and G.mosseae (2.04%), while G. 
constrictum (2.02%) and G. aggregatum (2.00%) supported a similar K content. The 
control plants (1.90%) and the plants treated with A. scrobiculata (1.91%) and Gigaspora 
gigantea (1.93%) did not show any significant difference in their K content (Table 16). 
Mycorrhization 
Mycorrhization of plants treated with G. fasciculatum was higher compared to all 
the other treatments. The values of mycorrhization in case of A. scrobiculata and G. 
gigantea were found to be less than that of the other AM fimgi viz., G. fasciculatum G. 
mosseae and G. constrictum. The value of mycorrhization in case of G. mosseae, G. 
aggregatum and G. constrictum fluctuated between G. gigantea and G. fasciculatum 
treatments (Figure 1). The highest per cent of colonization was observed in G. fasciculatum 
inoculated plants followed by G. mosseae (Table 16). 
Nodulation 
Glomus constrictum did not cause significant increase in the number of nodules, 
while inoculation of G. aggregatum resulted in the same number of nodules as the control, 
while the other two AM fimgi G. gigantea and A. scrobiculata casued decreased in the 
number of nodules compared to control (Figure 1). G. fasciculatum inoculated plants 
showed highest nodulation followed the plants inoculated with G. mosseae and G. 
constrictum (Table 16). 
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DISCUSSION 
In the present study, it has been found that the mycorrhizal status and growth 
responses due to mycorrhizal treatments are considerably high in all the treatments 
compared to control and the different strains of AM fungi differ in their capability to 
promote plant growth and nutrient levels. There are reports of the past to indicate the 
differences between the three major genera of AM fungi in their ability to stimulate plant 
growth and P uptake on soybean (Catling and Brown, 1980) and pearl millet (Krishna and 
Dart, 1984). Wide variations in the growth promoting efficiency of different AM fungi 
have already been brought to light in the recent past (Owusu and Mosse 1979, Bagyaraj et 
al, 1979, Kuo and Haung 1982; Luis Brown, 1986; Uma devi and Sitaramaiah, 1990; 
Simdaram and Arangarasan, 1995). 
Better plant growth in AMF infected plants has been explained in terms of enhanced 
nutrient levels of the test plants. Several nutrients such as N, P, K, Zn, Mn, Fe, Ca and S 
have already been reported to get absorbed and accumulated greatly by VAM infected 
plants. (Bowen et al, 1975; Powell, 1975; Krishna et al, 1982; Selvaraj et a/.,1986 and 
DhiUion, 1992). AM fimgi also enhance the concentration of different organic compounds 
in roots and can improve the productivity of several crops (Selvaraj et al, 1995). Out of the 
six different AM fungi experimented in the present investigation G. fasciculaium showed 
the highest increase in plant growth over the control followed by G. mosseae. The results 
of the present study are in agreement with those who found that the AM fimgi improve 
plant growth mainly through increased P uptake and other nutrients, resulting in better 
growth, yield and dry matter. This has also been reported for many crops such as barley, 
onion, soyabean, rice, black gram (Sanni, 1976; Bagyaraj et a/., 1979 ; Owusu and Mosse, 
1979; Kuo and Haung, 1982, Luis Brown 1986; Jeffries 1987; Umadevi and Sitaramiah, 
1990). Sundaram and Arangarasan (1995) recently reported that out of four cultures of AM 
ftmgi G. fasciculatum gives the highest fruit yield in tomato plants. Bagyaraj et al (1979) 
reported that different sfrains of AM fungi have different capability to increase the nutrients 
uptake and plant growth, and therefore there is a need for selecting the efficient ones. It has 
been foimd in the present study, Aatlhe extent of mycorrhization in soil, varies with 
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different AM fungal species. They also vary in their preference to the host. Root 
colonization has been found to facilitate more host fiingal contact and exchange of nutrients 
resulting in better plant growth. A parallel case has been reported by Abbott and Robson 
(1982). Inoculation of mycorrfaizal fungi increased the N, P and K uptake of plants 
bringing about improved plant growth . Improved phosphorus nutrition has been found to 
decrease membrane permeability which reduces the root exudation (Graham et al. 1981 ). 
Mycorrhizal plants have also been found to have higher shoot and root dry weights and 
phosphate contents in pigeonpea by Manjimath and Bagyaraj (1984) and Ramraj and 
Shanmugam (1990). Out of the six AM fungi investigated in the present study ( Table 16 ) 
G. fasciculatum promoted better plant growth and nutrients uptake of plants compared to 
others. G. fasciculatum inoculated plants also recorded the highest percentage of 
mycorrhization (55%) compared to others. These mycorrhizal mycelia coupled with 
increased nutrient uptake resulted in the better performance of the mycorrhizal plants. It 
has been established by Rhodes and Gerdemann (1975) that the mycorrhizal plants can 
exploit several times the volume of soil available to a non-mycorrhizal plants and achieve 
more active translocation of minerals. 
Glomus fasciculatum has been found in the present study to be more efficient in 
over all performance including N, P and K status on chickpea compared to others and it is 
followed by G. mosseae. Similarly, Ramraj and Shanmugam (1990) have come across G. 
etunicatum to be more effective in increasing the dry weight of the cowpea plant. A 
significant response of soybean to AM fungi in phosphorus deficient soil has been reported 
by Raverkar and Tilak (1988) and Ross (1970). Similar results have been obtained in 
cassava by Sieverding and Galvez, (1988) and Sulochana et al. (1995), and in chickpea by 
Singh and Verma (1987) where G. fasciculatum and G. etunicatum proved to be most 
effective ones for the respective crops. In the present study, it has been found that G. 
fasciculatum supports the highest plant growth in terms of plant length and biomass. 
Biomass production, mycorrhizal colonization and the nutrient uptake have also been found 
to be significantly high in the plants inoculated with G. fasciculatum compared to all the 
other five AM fungal species. G. fasciculatum designated as the potential AMF inoculant 
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in a sandy clay loam soil for chickpea var. Avrodhi for the successful plant growth and 
yield. 
SUMMARY 
1. A study was conducted to screen and select potential arbuscular mycorrhizal fungi 
(AMF) for chickpea var. Avrodhi in sandy clay loam soil of Aligarh. 
2. Six different AMF were evaluated for their efficacy in terms of growth characteristics, 
nutrient status and mycorrhization. 
3. Inoculation with AMF species resulted in higher plant growth biomass and nutrient 
status (N, P and K). 
4. Measurement of plant harvested at 90 days after inoculation chickpea responded to its 
best with the inoculation with Glomus fasciculatum followed by G. mosseae, G. 
constrictum , G. aggregatum , Acaulospora scrobiculata and Gigaspora gigantea in 
terms of plant fresh and dry weight, mycorrhizal colonization, nitrogen, phosphorus and 
potassium contents. 
5. Out of six AM fimgi screened G. fasciculatum, was found to be the most efficacious 
AM fungi for chickpea which can be used as biofertilizer and potential biocontrol agent. 
SECTION III 
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SECTION III 
The interaction study between Meloidogyne incognita, mycorrhizae and Rhizobium on 
chickpea plants. 
INTRODUCTION 
The role of aibuscular mycorrhizal fungi in biological suppression of soil-borne 
pathogens has been studied by a number of workers in the recent past (lalali et al, 1991; 
Price et al, 1995; Jayaram and Kumar 1995). A large volume of information has generated 
on the interaction between plant pathogenic nematodes and mycorrhizae especially the 
arbuscular mycorrhizal fungi. Both are present in the rhizosphere and colonize the root 
cortex. Much of the interest in these interaction undoubtedly come up from the hope that 
mycorrhizal fungi could reduce the deleterious effect of the nematode on agriculture crops. 
(Hussey and Roncadori, 1982 and Ingham, 1988). These two groups of micro-organisms 
exert a characteristic but opposite effect on plant growth and health. The potential of 
mycorrhizal fungi as biological control agents of plant diseases caused by nematodes has 
recently received considerable attention (Osman et al, 1990; Sankaranarayan and 
Sundarababu, 1994). In the recent past major interest has been centered on its relevance for 
control of the soil-borne disease caused by root-knot nematodes which is difficult to control 
by conventional method. Diedrichs (1987) studied interaction between endomycorrhizal 
fungi and root-knot nematode, Meloidogyne javanica on chickpea. Gigaspora margarita, 
G. gigantea. Glomus manihotis and Entrophosphora colombiana were tested for their 
ability to mitigate damage caused by the nematode. G. manihotis proved to be most 
efficient in promoting the plant growth in presence of nematode followed by Gigaspora 
margarita. 
Legumes are highly dependent on arbuscular mycorrhizal fungi for their growth 
and yield. The dual symbiosis exerts a synergistic effect (Abbott and Robson, 1977). The 
bacterium provides better condition, so that host plants show better growth, dry matter 
production and yield. Both the symbionts Glomus fasciculatum and Rhizobium japonicum 
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may occur simultaneously in the same root-lets of colonized roots. Besides plant growth 
they also impart resistance to plant especially against endoparasitic nematode ( Barker et 
ai, 1971; Barker et al, 1972; Hussaini and Seshadri, 1975; Bopaiah et ai. 1976; Sharma 
and Sethi 1976; Khan and Husain, 1988 Tiyagi and Alam, 1988; Siddiqui and Husain, 
1992; Siddiqui and Mahmood 1994a, b; Siddiqui and Mahmood, 1995 a, b). 
The chickpea plants are most compatible with VAM fimgi and developed a high 
degree of mycorrhizal association in the presence of inoculum in soil. In the present study 
a glasshouse experiment was designed to find out the individual and concomitant effects of 
Glomus fasciculatum and M. incognita on the growth of chickpea plants and their 
population dynamics. 
MATERIALS AND METHODS 
Plant culture 
Seedlings of tomao cv. Pusa ruby were raised in clay pots (30 cm diam.) from seeds 
surface sterilized with 0.01% mercuric chloride. The seeds were sown in the pots filled 
with autoclaved sandy loam soil (66% sand, 24% silt, 8% clay and 2% OM, pH 7.8). 
Root knot nematode culture 
In the study root knot nematode, Meloidogyne incognita (Kofoid and White) 
Chitwood, one of the commonest root-knot nematode, species in the area, were used. Field 
populations of M incognita were collected from tomato and egg plant {Solanum melogena 
L.). Species of root-knot nematode infecting the vegetable crops (tomato, egg plants) were 
tentatively identified on the basis of the characteristics of perennial patterns of the females. 
Roots infected with M incognita were chopped and added to the pots containing sterilized 
field soil and the tomato plants raised earlier as mentioned above (3-week-old) were 
transplanted. After 50 days, single egg mass culture of the nematode was established. 
Seedlings of tomato plants were transplanted in clay pots (30 cm diam) containing 
autoclaved soil, single egg mass of the nematode, M. incognita obtained from the roots of 
the plants was added in each pot near the roots of the seedlings. The pots were kept in glass 
house at 27°C (±2° C). Subculturing was done approximately at every 3 months by 
inoculating new tomato seedlings with at least 15 egg masses, each obtained from a single 
egg mass culture in order to maintain sufficient inoculum for further experimental studies. 
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Identification of the root-knot nematode 
The identify of the root-knot nematode was confirmed by studying the 
characteristics of perennial patterns of females and conducting North Carolina differential 
host test (Eisenback et al, 1981,Taylor and Sassor, 1978; Hartman and Sasser, 1985). 
Fifteen perennial patterns of females of each single egg mass population were prepared and 
their characteristics were examined in order to identify the species (Eisenback et al, 1981). 
For North Carolina differential host test (Taylor and Sasser, 1978, Hartman and 
Sasser, 1985) seedlings of tomato cv. Rutgers, tobacco cv. NC 95, pepper cv. California 
wonder, peanut cv. Florunner, watermelon cv. Charleston Grey and Cotton cv. Deltapine 61 
were grown in clay pots (one seedlings/pots) having sterilized soil in triplicate. Two 
additional replicates of tomato were included to determine the time of termination of the 
test. 
After determining the number of second stage juveniles (Jj) per ml, plants in each 
pot were inoculated with 5000 Jj. Juveniles were added to a depression made in the soil at 
the time of transplanting. Inoculated plants were kept at glass house at 27-30° C. Fifty to 
sixty day after inoculation, roots were harvested and thoroughly washed with tap water and 
examined for the presence of galls. Roots with very high infection were stained with 
phloxin B to determine the number of egg masses. 
After the rating of root system, results were compared with the differential host test 
reaction chart (Table 17). This confirmed the identify of the species determined by the 
perennial pattern method. 
Preparation of inoculum and inoculation 
Second stage juveniles (J2) of the nematode were used as inoculum in the study. 
Second stage juveniles were obtained by incubating eggs masses collected fi-om the roots of 
tomato plants maintaining single egg mass culture of M. incognita. Egg masses were 
incubated in coarse sieve fitted with double layered tissue paper and placed on Bearman's 
fimnel containing water. The sieves were then placed in an incubator (temp 25°C). After 
72 h, number of hatched juveniles (J2) were collected in a beaker and number of juveniles 
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per ml was standardized by counting the juveniles from ten 1 ml samples. Average number 
of juveniles was calculated to represent the number of juveniles per ml of the suspension. 
For inoculation, the suspension containing Jj was taken in micropipette controller 
and added nematod near the roots of the seedlings. The holes were covered with soil after 
inoculation. Nematode inoculation density consisted of uniform quantity of suspension 
containing either 0, 500, 1000, 2000,4000 and 8000 freshly hatched second stage juveniles 
(J,)/pot. 
Preparation of inoculum of the AM fungus 
Glomus fasciculatum (Thaxter Sensu Gerd.) inoculimi was maintained and 
multiplied on Rhodes glass {Chloris gayana) as described in section II. 
Inoculation 
For inoculation, inoculum of G. fasciculatum for each pot consisted of suspension 
containing 800 chlamydospores that were retrieved from the soil using wet-sieving and 
decanting technique (Gerdemann and Nicolson, 1963) and were placed 3 cm below the soil 
surface. 
Rhizobium inoculum 
Seeds of chickpea var Avrodhi were surface sterilized with 0.1% mercuric chloride 
and treated with commercial culture of chickpea strain oi Rhizobium before sowing. Three 
bacterized seeds were sown in 15 cm diam earthen pots containing 950 g steam sterilized 
soil + 50g of soil containing AM fimgus inoculum. After germination seedlings were 
thinned to one seedling per pot. 
85 
Six levels of Meloidogyne incognita and 800 chlamydospores of Glomus 
fasciculatum were used in combination for their effect on plant growth and on each other 
(Table 18). Freshly hatched second stage juveniles numbering as above constituted M. 
incognita levels (designated as MIQ, MI,OOO. Ml2ooo» MI4000. MIgooo)- The treatments were 
replicated five times, arranged in a completely randomized block design and maintained in 
a glasshouse at 20-27° C. The plants were harvested at 90 days afler inoculation and all the 
parameters studied in section II were studied along with the following additional parameters 
viz, nematode population (both in soil and root), number of galls/ root system. Data were 
analysed statistically using analysis of variance in factorial design mentioned by Fisher 
(1950) and CD was calculated at P = 0.05. Details of ANOVA are given in appendix C. 
Plant growth 
Plant growth parameters and chemical parameters were studied by the methods 
mentioned in section 11. 
Galls 
At termination of the experiment, roots of harvested plants were washed under the 
tap and examined for the presence of galls. Number of galls per root system were counted 
(Taylor and Sasser, 1978). 
Nematode population 
For estimating root population of nematodes (J2+ J3+J4 mature females), roots from 
each replicate was weighed and cut into 1 cm length. One gram of root pieces was stained 
with acid fuchsin and lactophenol (Byrd et al, 1993). The root pieces were placed between 
two slides, examined under stereoscopic microscope and number of J2+ J3 + J4 counted. 
The number of J2 + J3 + J4 for the whole root system of the replicate was calculated. For 
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counting the number of females, one g of root pieces were transferred in 5% HNO3 and 
incubated at 25° C. After 72h root pieces were gently teased to release the females. The 
number of females/g of root was counted and total nimiber of females for the whole root 
system was calculated (Collen and D' Herde, 1972). The means of replicates were then 
calculated. 
The eggs were extracted from the roots of each treatment separately by chlorox 
method of Hussey and Barker (1973). Roots from each treatment were cut into 1-2 cm 
pieces. One gram of the root pieces were shaken vigorously in 200ml of 1,0% NaOCl 
solution for 1 to 4 minutes. Then NaOCl solution was passed through a 200 mesh sieve, 
rested over a 500 mesh sieve to collect free eggs. After this 500 mesh sieve with eggs was 
placed under a stream of cold water to remove residual NaOCl (rinsed for several minutes). 
The rinsed roots were put under water to remove additional eggs and were collected by 
sieving. The nimiber of eggs was then counted in coxmting dish under stereoscopic 
microscope. The total number of eggs was calculated by multiplying the nimiber with the 
fresh weight of the root in the treatment. Soil population (Jj male) of the nematode was 
estimated by modified cobb's sieving and decanting technique (Southey, 1986). 
RESULTS 
Inoculation with Glomus fasciculatum alone 
Effect of different inoculum levels of Glomus fasciculatum were studied on the 
growth of chickpea and N, P and K content of the plant. Plant growth progressively 
increased with the increase in the inoculum level of G. fasciculatum. However, statistically 
significant increase in plant length was found only at 800 or more chlamydospores of G. 
fasciculatum/kg soil were inoculated. Maximum increase in the plant growth was observed 
when the highest inoculum level (i.e. 3,200 chlamydospore/ plant) of the AM fungus, used 
in the experiments was applied (Figure 3). 
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Control 800 Spore density 
Control 400 800 
Spore density 
1600 3200 
Control 400 800 
Spore density 
1600 3200 
Figure 3. Effect of spore density of mycorrhizal fiingus. Glomus fasciculatum on plant 
dry weight, mycorrhization and nodulation of chickpea plants 
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Inoculation of G. fasciculatum also caused an increase in nodulation. Significant 
increase in nodulation was observed when 800 or more chlamydospores/plant of G. 
fasciculatum were added, (Figure 3). Nitrogen, phosphorus and potassium also showed an 
increase with the increase in the inoculum level, (Figure 4). Significant increase in 
phosphorus was observed when 400 or more chlamydospores/plant were added. But, 
increase in nitrogen and potassium were found when 800 or more chlamydospores/plant 
were inoculated. The highest increase in phosphorus was observed when 1600 or 3200 
chlamydospores/plant were added. Root colonization by G. fasciculatum was foimd to be 
increased with the increase in the inoculum level of G. fasciculatum. However, at spore 
concentration of 1600 and 3200 chlamydospores/plant showed almost a similar level of root 
colonization (Table 18). Effective threshold level of G. fasciculatum for inoculation of 
chickpea var. Avrodhi was found as 800 chlamydospores/plant. 
Inoculation with root-knot nematode 
Growth characteristics 
Plant length 
In order to determine the threshold level of M. incognita pathogenicity test was 
conducted using 500, 1000, 2000 and 8000 second stage juveniles per kg soil in the 
presence and absence of Rhizobium and G. fasciculatum. Plant length progressively 
decreased with the corresponding increase in the inoculum level of M. incognita. 
Significant reduction in plant length over control was found when 1000 or more juveniles 
of M. incognita per kg soil were inoculated both in the presence and absence of the 
symbionts. 
Inoculation of Rhizobium or G. fasciculatum caused an increase in plant length over 
control. However, increase in plant length was higher when plants were inoculated with 
Rhizobium plus G. fasciculatum compared to plants inoculated with either of them (Figure 
5). Use of Rhizobium for G. fasciculatum or both with M. incognita reduced damage 
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Control 800 
Spore density 
Control 400 800 
Spore density 
1600 3200 
Control 4oe 800 Spore density 1600 3200 
Figure 4. Effect of spore density of mycorrhizal fungus, Glomus fasciadatum on 
nitrogen, phosphorus and potassium content of chickpea plants 
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caused by nematodes as the plant length was higher when inoculated with symbionts and 
the nematode than inoculated with nematodes alone. Use of G. fasciculatum with M. 
incognita caused higher plant length than plants inoculated with Rhizobium plus M. 
incognita plant length was the highest when G. fasciculatum plus Rhizobium were used 
with M incognita compared to plants inoculated with nematodes and either of the 
symbionts (Table 19). 
Plant fresh weight 
Plant fresh v/eight was also found to be reduced with the increase in the inoculum 
level of M. incognita. Highest reduction in plant fresh weight was observed when 8000 
juveniles of M. incognita were applied. However, significant reduction in plant fresh 
weight was observed when 1000 or more juveniles of Af. incognita were inoculated both in 
the presence and absence of Rhizobium and G. fasciculatum (Figure 5). Rhizobium or G. 
fasciculatum or both, reduced the damage caused by Af. incognita. Application of G. 
fasciculatum with M. incognita resulted in greater fresh weight than Rhizobium used with 
nematodes. Moreover, use of both Rhizobium and G. fasciculatum with nematodes 
produced greater plant fresh weight than when either of the symbiont was used with M. 
incognita (Table 19). 
Plant dry weight 
Plant dry weight was also progressively decreased with the increase in the inoculum 
levels of M. incognita both in the presence and absence of the root symbionts. Significant 
reduction in dry weight of plant was observed when 1000 or more juveniles of A/, incognita 
were inoculated alone or with Rhizobium or G. fasciculatum or with both. Greatest 
reduction in plant dry weight were recorded when 8000 or more juveniles of M. incognita 
were inoculated (Figure 5). Use of Rhizobium with nematodes resulted in greater dry 
weight than M. incognita alone. However, application of G. fasciculatum with M. 
incognita resulted in greater dry weight than inoculation with Rhizobium and M. incognita 
both. Use of both symbionts with M. incognita resulted in greater dry weight of the plants 
than either of the symbionts was used with the nematode (Table 19). 
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SOO 1000 2000 4000 8000 
500 1000 2000 4000 8000 ^ 
SOO 1000 2000 4000 
Nematode inocalum density 
8000 
A - Control, B - Rhizobium, C-G. fasciculatum, D - Rhizobium + G. fasciculatum 
Figure 5. Effect of symbionts on plant growth (length, fresh and dry weights) of chickpea 
inoculated with different inoculum densities of Meloidogyne incognita 
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Table 19. Effect of symbionts on the length, fresh and dry weights of chickpea plant having 
different levels of inoculum of Meloidogyne incognita 
Plant length 
Nematode 
inoculum density 
MI„ 
MI500 
MIjooO 
MIjooo 
MI4000 
MIjOOO 
Mean 
CD at 5% 
Nematode 
Control 
64.92 
63.90 
47.80 
39.66 
32.83 
26.62 
44.95 
Inoculum -1.45 
inoculum density 
MIo 
MI500 
MI,ooo 
MI2000 
MI4000 
MIiooo 
Mean 
CD at 5% 
Nematode 
Control 
54.69 
52.90 
39.40 
35.71 
33.06 
25.90 
38.94 
Inoculum -1.37 
inoculum density 
MIo 
MI500 
MI,ooo 
MljQQQ 
MI4OOO 
MIMOO 
Mean 
« 
Control 
8.200 
8.090 
6.480 
5.800 
5.150 
4.400 
6.187 
R 
76.56 
55.46 
64.22 
54.16 
43.43 
33.66 
56.91 
Nematode • 
Gf 
77.60 
76.60 
67.80 
69.00 
49.10 
39.90 
62.67 
•1.77 
Fresh weight 
R 
58.06 
57.33 
51.19 
46.16 
41.46 
37.22 
48.24 
Nematode 
Gf 
61.80 
66.77 
52.60 
50.00 
46.60 
41.00 
51.79 
-1.67 
Dry weight 
R 
9.960 
9.300 
7.010 
6.160 
5.480 
4.960 
6.978 
Gf 
10.900 
10.830 
8.540 
7.620 
6.030 
5.600 
8.120 
Gf+R 
85.80 
84.30 
72.50 
63.60 
51.90 
43.80 
66.32 
Interaction • 
Gf+R 
65.20 
64.10 
56.20 
54.10 
51.50 
56.10 
56.10 
Interaction • 
Gf+R 
12.030 
12.60 
9.060 
8.800 
7.400 
6.500 
9.175 
Mean 
76.22 
75.07 
63.08 
56.61 
44.32 
36.00 
•3.53 
Mean 
59.93 
58.77 
49.85 
46.49 
43.15 
37.91 
3.35 
Mean 
10.273 
10.070 
7.773 
7.095 
6.015 
5.365 
CD at 5% Inoculum - 0.381 Nematode - 0.47 Interaction - 0.933 
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Nutrient status 
Nitrogen content was found to be reduced with the increase in the inoculum level of 
M. incognita both in the presence and absence of the root symbionts. Nitrogen content 
increased at all nematode inoculum levels when plants were inoculated with Rhizobium and 
G. fasciculatum or with both compared to iminoculated control. Nitrogen content was 
higher in plants inoculated with Rhizobium than G. fasciculatum inoculated plants (Figure 
6). However, use of Rhizobium plus G. fasciculatum caused higher nitrogen content at all 
nematode inoculum levels than when either of the symbionts was inoculated (Table 20). 
Phosphorus and potassium content were also found to be reduced with increase in 
the inoculum level of M incognita. Use of Rhizobium, G. fasciculatum or both at all the 
inoculum levels of M. incognita increase phosphorus and potassium contents compared to 
plants without symbionts (Figure 6). Application of G. fasciculatum caused higher 
phosphorus and potassixim contents than the use of Rhizobium at all the nematode inoculum 
levels. However, use of Rhizobium plus G. fasciculatum caused highest increase in 
phosphorus and potassium contents at all the nematode inoculum levels compared to plants 
inoculated with either of the symbionts (Table 20). 
Mycorrhization 
Mycorrhization was completely absent in the roots where Rhizobium was inoculated 
alone or plants were without any symbionts (controls) at all the inoculum level of M. 
incognita. Mycorrhization in plants where G. fasciculatum was inoculated alone or with 
Rhizobium was foimd to be reduced with the increase in the inoculum level of M incognita. 
However, mycorrhization was higher where both symbionts were inoculated compared to 
plants inoculated with G. fasciculatum alone (Table 21 & Figure 7). 
Nodulation 
Progressive decrease in root nodulation was observed with the increase in 
the inoculum level of M incognita in the presence and absence of Rhizobium and G. 
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500 1000 2000 4000 8000 ^ 
Nematode inoculum density 
A - Control, B - Rhizobium, C-G. fasciculatum, D - Rhizobium + G. fasciculatum 
Figure 6. EflFect of symbionts on the nitrogen, phosphorus and potassium content of 
chickpea plants inoculated with different inoculum densities of Meloidogyne 
incognita 
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Table 20. Effect of symbionts on the N, P and K of chickpea plant having different levels 
of inoculum of Meloidogyne incognita 
Nitrogen 
Nematode 
inoculum density Control R Gf Gf+R Mean 
MIo 
MI500 
MIjooo 
MI, 
MI 
'2000 
4000 
Mlgooo 
Mean 
2.64 
2.36 
2.01 
1.82 
1.63 
1.48 
1.99 
4.22 
3.65 
3.23 
2.85 
2.50 
2.20 
3.11 
3.52 
3.25 
3.00 
2.68 
2.40 
2.20 
2.84 
4.64 
4.36 
4.21 
3.88 
3.63 
3.46 
4.03 
3.75 
3.41 
3.11 
2.81 
2.54 
2.33 
CD at 5% Inoculum - 0.021 
Nematode 
inoculum density Control 
Nematode - 0.026 
Phosphorus 
R Gf 
Interaction • 
Gf+R 
- 0.052 
Mean 
MI, 
MI500 
MIjooo 
MI2000 
MI^ oo 
Ml««, 
Mean 
0.260 
0.237 
0.220 
0.196 
0.180 
0.165 
0.210 
0.262 
0.243 
0.225 
0.203 
0.189 
0.176 
0.216 
0.300 
0.275 
0.255 
0.235 
0.213 
0.190 
0.245 
0.463 
0.433 
0.417 
0.405 
0.385 
0.378 
0.414 
0.321 
0.297 
0.279 
0.260 
0.242 
0.227 
CD at 5% Inoculum - 0.0019 
Nematode 
inoculum density Control 
Nematode - 0.0023 
Potassium 
R Gf 
Interaction - 0.0046 
Gf+R Mean 
MIo 
MI500 
MI,ooo 
MI,ooo 
MI4000 
MI.KK, 
Mean 
1.840 
1.650 
1.420 
1.360 
1.280 
1.173 
1.454 
1.987 
1.780 
1.620 
1.560 
1.470 
1.666 
1.666 
2.050 
1.920 
1.740 
1.570 
1.480 
1.360 
1.687 
2.320 
2.170 
1.930 
1.760 
1.690 
1.560 
1.897 
2.049 
1.868 
1.668 
1.578 
1.503 
1.391 
CD at 5% Inoculum - 0.019 Nematode - 0.024 Interaction - 0.048 
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Table 21. Effect of symbionts on the mycorrhization of Glomus fasciculatum and nodule 
number of chickpea plant having different levels of inoculum of Meloidogyne 
incognita 
Mycorrhiztion 
Nematode 
inoculum density 
MIo 
MI500 
MI.ooo 
Mliooo 
MI4000 
MI«oo 
Mean 
Control 
0 
0 
0 
0 
0 
0 
0 
R 
0 
0 
0 
0 
0 
0 
0 
Gf 
54 
46 
42 
36 
30 
26 
39 
Gf+R 
59 
50 
46 
40 
34 
29 
43 
Mean 
28.3 
24.0 
22.0 
19.0 
16.0 
13.8 
CD at 5% Inoculum - 1.2 Nematode -1.5 Interaction - 3.0 
Nematode 
inoculum density 
MIo 
MI500 
MI.ooo 
MIjooo 
MI4000 
MI««, 
Mean 
CD at 5% 
Control 
14 
11 
7 
4 
1 
0 
6.22 
Inoculum -1.22 
Nodule number 
R 
65 
54 
45 
37 
25 
14 
40 
Nematode • 
Gf 
21 
17 
13 
9 
7 
4 
11.83 
1.49 
Gf+R 
85 
77 
66 
58 
48 
34 
61.33 
Interaction • 
Mean 
46.25 
39.75 
32.75 
27.00 
20.33 
13.00 
-2.99 
Mi - M. incognita, Gf - G. fasciculatum R - Rhizobium 
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500 1000 2000 4000 8000 ^ 
500 1000 2000 4000 8000 ^ 
500 1000 2000 4000 
Nenutode inocuhmi dmsity 
8000 
A - Control, B - Rhizobium, C-G. fasciculatum, D - Rhizobium + G. fasciculatum 
Figure 7. EfiFect of symbionts on the mycorrhization, nodulation and gall number of 
chickpea plants inoculated with different inoculum densities of Meloidogyne 
incognita. 
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fasciculatum. Inoculation of 8000 juveniles per kg soil of M incognita caused the 
maximum reduction in nodulation in all the treatments. The highest nodulation was 
observed when G. fasciculatum and Rhizobium were used together (Figure 7). In the 
treatments where Rhizobium was inoculated, nodulation was higher than G. fasciculatum 
treatments. The lowest nodulation was observed in the absence of both Rhizobium and G. 
fasciculatum (Table 21). 
Root galling 
Progressive increase in the galling was observed both in the presence and absence of 
symbionts with the increase in the inoculum level of M incognita. Highest galling was 
observed in all the treatments where 8000 juveniles of M incognita were inoculated. Use 
of Rhizobium with M incognita caused reduction in nematode galling at all the inoculum 
levels (Figure 7). However, reduction in galling were more when G. fasciculatum was used 
with M. incognita than Rhizobium was inoculated with the nematode. Highest reduction in 
galling was observed when both symbionts and the nematode were inoculated together 
(Table 23). 
Nematode population 
Although there was a progressive increase in the nematode population with the 
increase in the inoculum level but rate of nematode multiplication was the highest at the 
lowest inoculum level. Nematode population was the lowest at all the inoculum levels 
when both Rhizobium plus G. fasciculatum were inoculated with nematodes. When G. 
fasciculatum was used with M. incognita, nematode population was lower than when 
Rhizobium was inoculated with nematodes. Moreover nematode multiplication was higher 
in the absence of symbionts than in their presence (Table 22 & 23). 
Table 22. Effect of symbionts on the nematode population of chickpea plant having 
different levels of inoculum of Meloidogyne incognita 
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Root nematode population 
Nematode 
inoculum density 
MIo 
MI500 
MI,ooo 
l\ll2ooo 
MI400O 
Mlgooo 
Mean 
Control 
0 
108 
121 
197 
305 
366 
182 
R 
0 
88 
92 
173 
263 
311 
154 
Gf 
0 
62 
76 
145 
240 
290 
135 
Gf+R 
0 
48 
62 
128 
207 
266 
118 
Mean 
0 
76 
87 
160 
253 
308 
CD at 5% Inoculum - 3 Nematode - 4 Interaction - 8 
Soil nematode population 
Nematode 
inoculum density 
MIo 
MIsoo 
MIiooo 
MIiooo 
MI4000 
Mlgooo 
Mean 
CD at 5% 
Control 
0 
10192 
13629 
19033 
27795 
32334 
17164 
Inoculum - 213 
R 
0 
7332 
9453 
16247 
24197 
29739 
14495 
Nematode' 
Gf 
0 
5853 
8034 
14770 
24440 
26080 
12530 
-260 
Gf+R 
0 
4652 
7657 
12012 
18773 
24584 
11280 
Interaction • 
Mean 
0 
7007 
9693 
15516 
22801 
28184 
-521 
Mi - M. incognita, Gf - G. fasciculatum R - Rhizobium 
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Table 23. Effect of symbionts on the nematode population and number of galls of chickpea 
plant having different levels of inoculum of Meloidogyne incognita 
Total nematode population 
Nematode 
inoculum density 
MI, 
Ml5«, 
MljooQ 
MI2000 
MI4000 
MIMOO 
Mean 
CD at 5% 
Control 
0 
10300 
13750 
19230 
28100 
32700 
17347 
Inoculum-213 
R 
0 
7420 
9545 
16420 
24460 
30050 
14649 
Nematode 
Gf 
0 
5915 
8110 
14915 
20680 
26370 
12665 
-261 
Gf+R 
0 
4700 
7719 
12140 
18980 
24850 
11398 
Interaction -
Mean 
0 
7084 
9781 
15676 
23055 
28403 
-522 
Nematode 
inoculum density 
MIo 
MI«K, 
MI,ooo 
MI2000 
MI4000 
Mlgooo 
Mean 
CD at 5% 
Control 
0 
77 
106 
175 
245 
322 
154 
Inoculum-3.13 
Number of Galls 
R 
0 
58 
86 
143 
204 
277 
128 
Nematode • 
Gf 
0 
46 
72 
123 
182 
240 
110 
•3.83 
Gf+R 
0 
32 
54 
93 
158 
205 
90 
Interaction • 
Mean 
0 
53 
79 
133 
197 
261 
-7.65 
Mi - M. incognita, Gf - G. fasciculatum R - Rhizobium 
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DISCUSSION 
Present study showed that Glomus fasciculatum is beneficial to chickpea plants and 
helps in plant growth promotion. Mycorrhizal colonization of chickpea plants enriched 
nutrients status may result in improved plant length, plant fresh and dry weights of G. 
fasciculatum inoculated plants. The improved plant growth of mycorrhizal plants may be 
due to beneficial physiological and biochemical relationship between the G. fasciculatum 
and chickpea. AM fungi have been reported to alter the physiology of root and reduce root 
exudation (Graham, 1981) causing changes in photo hormones levels (Allen et at., 1980) 
and photosynthetic rates (Allen et al, 1981). 
In the present study phosphorus, nitrogen and potassium contents have been found 
to enhance greatly in mycorrhizal plants due to native isolate of G. fasciculatum. 
Mycorrhizal infection is reported to increase uptake and transport of soil phosphorus 
(Gerdemann 1968, 1975; Manjunath and Bagyaraj, 1984) together with other inmiobile 
elements like Zn, S, Mn, Ca etc. (Mosse 1981). Better growth of cotton, sorghum, rice and 
other crops have been observed by various workers with different AM fungi (Roncadori and 
Hussey 1977; Singh and Tilak 1990; Asif er al. 1995). 
Mycorrhizal colonization has been found to increase with the increase in the spore 
concentration. Thus increase in mycorrhizal colonization has been associated with the 
increase in the growth response of chickpea plants. Higher mycorrhizal colonization 
caused increase in the absorptive surface of the root area. Increased absorptive surface area 
of root resulting in greater uptake of phosphorus and other elements may have contributed 
to the enhanced host growth. Increased growth with increase in spore concentration is 
expected because greater mycorrhization has greater beneficial effect on plant growth. 
Effect of nematode parasitism on nodulation has been found to be inhibitory 
in this study as reported by earlier workers (Hussain and Seshadri 1975; Siddiqui and 
Mahmood, 1992). Reduction in nodulation has earlier been explained due to nutritional 
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interference, particularly carbohydrates, or physiological changes brought about by 
nematode infestation than due to competition for root invasion (Siddiqui and Mahmood 
1996,1999). 
The increase in the nimiber of galls and final nematode population with increase in 
inoculum level has been reported earlier on chickpea by many workers (Mani and Sethi, 
1987; Siddiqui and Mahmood, 1992). Nematode multiplication has been found density 
dependent in the present study as reported earlier (Seinhorst 1970; Siddiqui and Mahmood, 
1992). The maximum multiplication at low inoculum level might be due to less 
competition for food and space than at high inoculum level. 
The greater damage caused by M. incognita found in the absence of G. fasciculatum 
and Rhizobium has been reported to caused by the production of anti-pathogenic 
substances (Drapeau et al, 1973; Haque and GafFar, 1993) and thus the damage caused by 
nematodes and other pathogens is reduced (Tu, 1980; Siddiqui and Mahmood, 1994). 
However, treatment of G. fasciculatum has been foimd to reduce the damage caused by 
nematode by controlling multiplication of pathogens in mycorrhizal plants due to 
physiological and biochemical changes in the host or increase in the flow of nutrients which 
gives mechanical strength (Schoenbeck, 1979). In addition, inoculation of G. fasciculatum 
brings about increase in phosphorus content which offset the damage caused by the 
nematode (Hussey and Roncadori, 1982). Treatment with G. fasciculatum has been 
reported to increase certain amino acids such as phenylalanine and serine in tomato (Suresh, 
1980) and these amino acids have an inhibitory effect on nematodes (Reddy, 1974). 
Combined use of G. fasciculatum and Rhizobium sp. has been foimd to impart more 
beneficial effects and reduce damage by nematode probably both symbionts interacted in 
reducing damage caused by nematodes. Bhandal et al. (1989) have also shown that 
inoculation of pea with G. fasciculatum and Rhizobium sp. resulted in a significant increase 
in nodulation, nitrogenase activity in plant nitrogen, phosphorus content and plant biomass 
show significant increase compared to single inoculation of either of the organism. Brown 
and Bethlenfalvay (1988) also have shown synergistic interaction between Rhizobium and 
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G. fasciculatum which resulted in improved photosynthetic efficiency and nitrogenase 
activity in the leaves of Cajanus cajan. Sivaprasad and Rai (1987, 1991) also have shown 
that tripartite symbiosis between pigeonpea, G. fasciculatum and Rhizobium which enhance 
the area of bacteroidal zone in nodule tissue and the size of bacteroidal cell and the nucleus. 
SUMMARY 
1. A significant increase in plant growth over control were found only when 800 or more 
spores of G. fasciculatum were inoculated. Economic threshold level of G. 
fasciculatum was found at 800 spores/plant. 
2. Inoculation of 1000 or more juveniles of Meloidogyne incognita caused significant 
reduction in plant growth. 
3. Use of Rhizobium or G. fasciculatum or both along with 1000 juveniles of M incognita 
reduced the damage caused by the nematode. 
4. The N, P and K contents were greater when both symbionts were used as compared to 
either symbiont. 
5. The root galling and nematode multiplication was density dependent. However, galling 
and nematode multiplication were reduced in the presence of Rhizobium and G. 
fasciculatum 
6. Mycorrhization was found to be reduced with increase in the inoculum levels of M 
incognita. 
SECTION IV 
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SECTION IV 
Effect of AM fungus and the fertilizers (N, P and K) on Meloidogyne incognita 
infestation on chickpea. 
INTRODUCTION 
The level of mineral nutrient is a decisive factor that influences the frequency of 
mycorrfiiza development in the soil. There are many inorganic chemicals of soil, 
depending on the concentration, shift the pH and affect the growth and fomiation of 
endomycorrhizae (Saif 1987). Besides increasing the plant growth, they show nematicidal 
activities. Nematicidal potential of inorganic fertilizers has been reported by several 
workers (Pant et al, 1983; Rodriguez-Kabana, 1986; Zaki and Bhatti, 1989; and Akther et 
al, 1998). Arbuscular mycorrhizal fimgi variously influence a number of plant parasitic 
nematodes ( Atilano et al, 1981; Hussey and Roncadori, 1982 and Grandison and Cooper, 
1986). Plant parasitic nematodes and mycorrhizal fungi are commonly found inhabiting 
the same soil and colonizing root of their host plants. These two groups of microorganisms 
exert a characteristic but opposite effect on plant health. Root-knot nematodes are reported 
to be highly destructive to chickpea crop. M incognita being the most important species 
causing stimting and chlorosis of plants, leading to heavy losses in yield. In combined 
inoculation with the mycorrhizae and nematode, development of endomycorrhizae nullify 
the stimting caused by the nematode. AM fungi promote the growth and health of chiclqiea 
plants and their nutrient uptake (Jalali and Thareja, 1981; Kehri et al 1995). Fertilizers 
can influence the host endophyte and nematode interaction. Growth stimulation and plant 
development are greater at low fertility rate than at a high fertility level (Roncadori and 
Hussey; 1977). Mycorrhizal plants grown in sterilized and unsterilized soils with added 
phosphorus or nitrogen have been reported to have obtained maximum benefit from the 
symbiotic association (Krishna and Dart, 1984; Aziz and Habte, 1989; Omar, 1995). The 
beneficial effects of added P have been observed to be highly significant in low P soils 
(Schubert and Hayman, 1986; Maksoud et al, 1994; Sreenivasa, 1994; Rathore and Singh, 
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1995; Singh, 1995; Ibijbijem et al, 1996) and at intermediate P levels (Saggin et al. 1994). 
Spore production by AM fungi has been found to be more pronounced in the treatment with 
rock phosphate (Diederichs, 1990). In contrast at high P levels, AM fungi show depressive 
growth (Sanders, 1975; Saggin et at., 1994) and reduced mycorrhizal colonization (Isobe 
et al., 1993; Saggin et al., 1994; Sreenivasa, 1994; Rathore and Singh, 1995; Rabonkov and 
Jakobsen, 1996). Phosphorus fertilizers often adversely affect root colonization by AM 
fungi suppressing the development of arbuscules (Menge et al., 1978), vesicles/spore 
(Menge et al., 1978; Nelson et al., 1981; Abbott et al., 1984) as well as penetration points 
(Schwab et al.. 1983; Thompson et al., 1983). Nonetheless, AM fungi vary in their 
sensitivity to P (Schubert and Hayman, 1986; Sylvia, 1986; Abbott et al, 1987; Trauvelot 
et al, 1987 and Lamar and Cavey, 1988). Sylvia and Schenck (1983) have recorded 63 per 
cent root colonization at P level of 199 mg P Kg"' soil, using three Florida isolates that 
were originally isolated from high P soils (upto 448 mg P Kg' soil). Under certain 
conditions it has been estimated that mycorrhizae can substitute upto 500 Ib-
phosphorus/acre (Menge et al, 1978). Rathore and Singh (1995) have substituted 
phosphate fertilizer equivalent to 30 Kg P/ha. Though not well documented nitrogen also 
influences AMF root colonization. Hepper (1983) has reported an increased colonization 
by G. mosseae in lettuce roots at three P levels, with increasing NO3 concentration. In a 
similar study Azcon et al (1996) have observed that with NO3 fertilizer, Glomus 
fasciculatum colonized lettuce plants which showed an increased growth, nitrate reductase 
activity and protein content as compared to P fertilizer treatment. Plants inoculated with 
Glomus etunicatum have observed to contain lower shoot P than plants fertilized with 360 
mg P/kg soils. However, plants inoculated with AM fungi have shown greater response to 
N apphcation than plants fertilized with P (Pereira et al, 1996). Singh (1996) reported a 
significant improvement in grain yield of pigeonpea when inoculated with Glomus 
fasciculatum and Rhizobium sp. especially when fertilized with 50Kg P2O5 / ha. The effects 
are more pronounced when P is applied in combination with N (20 kg/ha) in the form of 
superphosphate and ammonium sulphate respectively. Benefits of nitrogen to the 
mycorrhizal plants depend on the nitrogen source. Dry matter production, yield and uptake 
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of nutrients have been found to increase by mycorrhizal infection accordingly to the N 
source ( Sheoran et al, 1991 and Vaast and Zaroski, 1991). It has also been demonstrated 
that levels of available NPK in soil, following crops of seasame, sunflower and mustard are 
inversely proportional to the VAM spore density, indicating an inhibitory effect of 
fertilizers on the mycorrhizae (Shukla and Vanjara,1992). 
Crop nutrition has also been known to affect the root-knot disease on a variety of 
crops (Oteifa, 1953 and Heimann, 1972). Nitrogen has been shown to increase the number 
of several plant pests including nematodes (Tendon, 1973). Ross (1959) on the other hand, 
reported that nitrogenous fertilizers reduce population of nematodes and also help soybean 
plants in escaping infection of Heterodera glycines. Similarly, Upadhyaya (1969) recorded 
urea as most effective in reducing the nimiber of nematodes in amongst fertilizers tested. 
High K concentration favoured host growth and the development of M. incognita (Marks 
and Sayre, 1964; Ismail and Saxena, 1977). In some studies the minimimi nematode 
infestation has been recorded with the application of all the three fertilizers in combination 
(Sharma and Khan, 1995). In soil amended with 50 (ig P/g soil, M incognita has been 
fotmd to suppress the growth of nonmycorrhizal plants by 84% while supporting only 21% 
reduction in mycorrhizal plants and the trend happen to be similar also in plants grown in 
soil with 100 ^g P/g soil. 
The information available on AM fungi is meager and suggests a balance between 
soil N, P and K as their concentration affect the growth of mycorrhizal plants. Starting 
from the results of Hattinagh (1975) and Rhodes and Gerdemann (1978a, b) determined the 
role of hyphal translocation of phosphorus and other nutrients. Pearson and Tinker (1975) 
worked out the increased phosphorus inflow into the mycorrhizal root. There has been a 
consistent attempt to understand the fundamental aspects of P uptake due to mycorrhiza. 
There is enough evidences to show that mycorrhizae improve growth and nutritional uptake 
of plants (Hayman 1982) and improve the efficiency of applied phosphatic fertilizer 
(Mosse, 1976), but the role of mycorrhizae and NPK fertilizers on the root-knot nematode 
development is not fully understood. 
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The present study has been conducted to determine the effect of NPK fertilizers on the 
development of root-knot nematode, Meloidogyne incognita along with AM fungus, Glomus 
fasciculatum on chickpea. The other objective is to help and define the level of N, P and K 
fertilizers for optimizing the benefit of AM fimgi association to the host plant and control of 
the root-knot nematode. 
MATERIALS AND METHODS 
The experiments were conducted under glasshouse conditions. Clay pots of one kg 
capacity were sterilized with 4 per cent formalin. Afler 24 hours of sterilizing, the pot were 
filled with 950g sterilized sandy loam soil mixture and later 50g soil containing AM fungus 
inoculum was added to make the soil amount 1 kg/pot. Seedlings of chickpea variety Avrodhi 
were raised as described in section III. AM fungus Glomus fasciculatum was maintained and 
multiplied on Rhode's grass {Chloris gayana Kunth). The inoculum was from the same pot 
culture of G. fasciculatum used in section II. For inoculation, the mycorrhizal inoculum 
comprising 50g of root and soil containing extramatrical hyphae, chlamydospores (16 
spores/g soil) and infected root segments of Rhode's grass, were inoculated in each pot 
before transplantation of the seedlings. Meloidogyne incognita was multiplied on chickpea 
variety Avrodhi as described in section III. For inoculation of root-knot nematode, M. 
incognita 1000 fi^eshly hatched second stage juveniles (J2) were introduced into the root zone 
by making small depressions around the root which were covered with sterilized soil 
irmnediately after inoculation. 
The interaction between N, P and K fertilizers, G. fasciculatum and M. incognita was 
studied in four different experiments. 
Experiment IV A 
This experiment examined the effects of N fertilizer addition and inoculation with 
AM fungus, G. fasciculatum and/or root-knot nematode, M. incognita on chickpea growing 
in sterilized sandy loam soil. The soil was mixed for 15min with N as urea (NH, CO NH,) 
that has been ground to pass a 250nm sieve. Added N levels were 0, 250, 500 and 1000 mg 
N kg"' soil. At each level of nitrogen G. fasciculatum and /or M. incognita were added to the 
pots to give the treatments mentioned in the inoculation schedule (Table 24). 
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Experiment IV B 
A pot trials was conducted in completely randomized block design to study the 
effect of AM fungus, G. fasciculatum root-knot nematode, M. incognita and four phosphorus 
levels on chickpea in relation to plant growth, root-knot disease and mycorrhization. Single 
super phosphate (SSP) was added at rates equivalent to 0, 100, 200 and 400 mg P kg' soil. 
Growth of inoculated plants without added P was compared with plants grown in soil with 
appMed P levels. Soil and inocula were prepared as above and the treatment schedule is given 
in table 24. 
Experiment IV C 
This experiment was conducted to examine the effect of different potassiimi levels on 
chickpea growing in sterilized sandy loam soil. N and P were not added but potassium as 
murate of potash (KCl) was added to the soil (1 kg/pot) prior to seedling transplantation at 
the level 0, 200, 400 and 800 mg kg' soil. The procedures were the same as already 
described in experiment FV A, and so also the inoculum and inoculation schedule (Table 24). 
The growth of inoculated plant without K was compared with plants grown in soil amended 
with K levels. 
Experiment IV D 
The dose of each fertilizer giving optimum response under G. fasciculatum 
inoculation in experiment IV A, B and C were used singly as well as in all possible 
combinations with G. fasciculatum and M. incognita on chickpea grown in sterilized sandy 
loam soil. The selected fertilizer doses were N2= 500 mg N kg"' soil, P, = 100 mg P kg"' soil 
and Kj = 400 mg K kg"' soil. Before transplanting the seedlings, the pot soil was thoroughly 
mixed with fertilizers as per the applied treatments, viz. 1.Control (NQ PQ K^), 2. Nitrogen 
alone, 3. Phosphorus alone, 4. Potassium alone, 5. Nitrogen + Phosphorus (Nj P, K )^, 6. 
Nitrogen + Potassium (Nj PQ KJ), 7. Phosphorus + Potassium (NQ P, KJ), 8. Nitrogen + 
Phosphorus + Potassium (N2 P, Kj). Soil inoculum was prepared as described above and 
inoculation schedule is given in table 25. The treatments were replicated five times and 
arranged in a completely randomised block design. The plants were maintained in a 
glasshouse bench with the temperature ranging from 20° C - 26° C. The plants were 
harvested at 90 days after inoculation and all the parameters studied in section III were 
Table 24. Inoculation schedules for experiments IV-A, B and C (Section IV) 
Amount of fertilizers (mg/pot of 1 kg soil) supplied in the experiments 
T, T, 
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Treatments 
Control 
Gf 
Mi 
Gf+Mi 
To 
+ 
+ 
+ 
+ 
Fertilizer treatments 
T, 
+ 
+ 
+ 
+ 
T, 
+ 
+ 
+ 
+ 
Ta 
+ 
+ 
+ 
+ 
Experiment IV-A 
Experiment IV-B 
Experiment IV-C 
N - 0 
P-0 
K-0 
N-250 
P-100 
K-200 
N-500 
P-200 
K-400 
N -1000 
P-400 
K-800 
Table 25. Inoculation schedule for experiment FV-D (Section IV) 
Inocnlation 
tretments 
Control 
Gf 
Mi 
Gf+Mi 
Contr 
ol 
+ 
+ 
+ 
+ 
N 
+ 
+ 
+ 
+ 
F 
P 
+ 
+ 
+ 
+ 
ertilize; 
K 
+ 
+ 
+ 
+ 
r treatments 
NP 
+ 
+ 
+ 
+ 
NK 
+ 
+ 
+ 
+ 
PK 
+ 
+ 
+ 
+ 
NPK 
+ 
+ 
+ 
+ 
Amount of N, P and K applied respectively are 500,100 and 400 mg/pot. 
Gf - Glomus fasciculatum (800 spores/pot), Mi - Meloidogyne incognita (1000 Jj/pot) 
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employed in this section and in all the four experiment. Data from all experiment were 
analysed by analysis of variance in factorial design as mentioned by Fisher (1950) and CD 
was calculated at P=0.05 given in ANOVA models (Appendix D and E). 
EXPERIMENT-rV A 
RESULTS 
Growth characteristics 
Plant length 
Nitrogen fertilizers increased the length of chickpea plants when applied at the rate of 
250 mg N/kg soil, compared to control. At higher N levels, the plant length showed 
significantly higher compared to the first level (Table 26). Inoculation of plants with 
Meloidogyne incognita significantly reduced the plant length compared to control and the 
other treatments, while G. fasciculatum significantly improved the plant length over the 
control. The length of chickpea plants was influenced by the interactive action of nitrogen, 
nematode and mycorrhizal fungus but not significantly over the control. The length of plant 
increased significantly under interaction when plants were provided with nitrogen particularly 
at a high level (1000 mg/kg soil) (Table 26). 
Plant fresh weight 
Application of nitrogen fertilizers at rate of 250 mg N/kg soil significantly increased 
plant fresh weight compared to control. No significant difference could be observed in fresh 
weight of the plants suppUed with 500 and 1000 mg N/kg soil level compared to 250 mg 
N/kg soil level. However, there was a significant increase in fresh weight of the plants, 
supplied with 250 and 500 mg N/kg. Meloidogyne incognita significantly suppressed the 
fresh weight. In contrast, G. fasciculatum significantly increased the plant fresh weight 
irrespective of the presence or absence of M. incognita to that of control. The interaction 
effect was found to be nonsignificant and the nitrogen requirement in uninoculated plant was 
500mg N/kg soil, where as with G. fasciculatum and in combination of G. fasciculatum and 
M incognita treatment, 300mg N/kg soil was found to be sufficient to support a significant 
increase in plant fresh weight over the control (Table 26). 
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Table 26. Effect of added N level on length, fresh and dry weights of Glomus fasciculatum 
(Gf) and Meloidogyne incognita (Mi) infected chickpea plants 
Treatment 
N. 
N, 
N, 
N3 
Mean 
Control 
64.50 
73.30 
77.20 
79.30 
73.76 
Gf 
77.30 
83.90 
86.60 
88.12 
83.98 
Plant length (cm) 
Mi 
47.90 
52.30 
58.70 
61.40 
55.08 
Gf+Mi 
68.40 
76.20 
79.52 
81.90 
76.50 
Mean 
64.53 
71.43 
75.51 
77.68 
CD at 5% - Inoculation - 1.75 N level -1.75 Interaction - NS 
Treatment Plant fresh weight (g/plant) 
No 
N, 
N, 
N3 
Mean 
Control 
53.90 
59.32 
62.46 
63.34 
59.75 
Gf 
62.40 
66.89 
68.86 
69.92 
67.02 
Mi 
38.89 
42.23 
46.34 
47.90 
43.84 
Gf+Mi 
56.05 
60.60 
62.35 
64.43 
60.85 
Mean 
52.81 
57.26 
60.00 
61.40 
CD at 5% - Inoculation - 1.67 N level -1.67 Interaction - NS 
Treatment Plant dry weight (g/plant) 
No 
N, 
K 
N3 
Mean 
CD at 5% 
Control 
8.10 
9.34 
9.86 
10.02 
9.33 
- Inoculation - 0.24 
Gf 
9.88 
10.36 
10.64 
10.88 
10.44 
N level • 
Mi 
6.37 
7.07 
7.98 
8.12 
7.38 
0.24 
Gf+Mi 
8.22 
9.45 
9.94 
10.15 
9.44 
Interaction • 
Mean 
8.14 
9.06 
9.61 
9.79 
-NS 
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Plant dry weight 
From the data given in table 26 it becomes clear that in the absence of nitrogen 
fertilizers application, the dry weight of the plant significantly dropped. There was a 
significant difference in dry weight between the plants supplied with 250 and 500 mg N/kg 
soil. Increased dry weight was observed in plants treated with G. fasciculatum irrespective of 
the presence or absence of M incognita compared to control. Meloidogyne incognita showed 
negative effect i.e., dry weight of the plants showed significant decrease compared to control. 
In combined culture, increased growth of the plant was observed in mycorrhizal plants 
treated with nitrogen at different levels over combined treatments. When G. fasciculatum 
was inoculated alone or with M. incognita, the N requirement was reduced to 250 mg N/kg 
soil against 500 mg required in control. There was a significant difference between the dry 
weights in plants treated with the M. incognita at different N levels. In interaction at all 
treatments (G. fasciculatum, or combination of G. fasciculatum + M. incognita ) the dry 
weight of the plant was significantly enhanced at 1000 mg N/kg soil level compared to 
control. 
Nutrient status 
The nitrogen content of plant increased as soil N levels increased from 0 to 1000 mg 
N/kg soil. The N content of the plant increased significantly, when soil was amended with 
250 mg N/kg soil compared to control. The N content exhibited significant variation when 
plants were supplied with N levels above 250 mg N/kg soil and increased with increase in N 
levels (Table 27). 
There was significant increase in P and K contents at N levels (0, 250, 500, 1000 
mg N/kg) in comparison to control. In soil amended with 250, 500 and 1000 mg N/kg, the N, 
P and K contents of the plants proved to be significant statistically. The N, P and K contents 
of the plants treated with M. incognita was significantly reduced compared to G. fasciculatum 
inoculated plants. The interactive action of phosphorus and potassium with nematode and 
AM fungus proved to be non-significant while with nitrogen it was significant (Table 27). 
Mycorrhization 
In soil not amended with N, the mycorrhization by G. fasciculatum differed 
significantly when M incognita was added. In the soil amended with different N levels, 
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Table 27. Effect of added N level on N, P and K contents of Glomus fasciculatum (Gf) and 
Meloidogyne incognita (Mi) infected chickpea plants 
Treatment 
N, 
N, 
N2 
N3 
Mean 
Control 
2.60 
3.04 
3.46 
3.75 
3.21 
Gf 
3.37 
3.88 
4.45 
4.65 
4.08 
Nitrogen content (%) 
Mi 
1.98 
2.34 
2.64 
2.83 
2.45 
Gf+Mi 
2.89 
3.42 
3.74 
3.97 
3.51 
Mean 
2.71 
3.17 
3.57 
3.80 
CD at 5% - Inoculation - 0.05 N level - 0.05 Interaction - 0.10 
Treatment Phosphorus content (%) 
N, 
N, 
N: 
N, 
Mean 
Control 
0.262 
0.295 
0.314 
0.325 
0.299 
Gf 
0.336 
0.366 
0.389 
0.400 
0.373 
Mi 
0.218 
0.247 
0.265 
0.279 
0.252 
Gf+Mi 
0.253 
0.285 
0.303 
0.313 
0.289 
Mean 
0.267 
0.298 
0.318 
0.329 
CD at 5% - Inoculation - 0.005 N level - 0.005 Interaction - NS 
Treatment Potassium content (%) 
No 
N, 
N, 
N3 
Mean 
CD at 5% 
Control 
1.85 
1.92 
2.05 
2.16 
1.99 
- Inoculation - 0.04 
Gf 
2.05 
2.18 
2.32 
2.40 
2.24 
N level • 
Mi 
1.43 
1.55 
1.65 
1.82 
1.61 
-0.04 
Gf+Mi 
1.75 
1.88 
2.03 
2.11 
1.94 
Interaction - NS 
Mean 
1.77 
1.88 
2.01 
2.12 
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colonization increased significantly as soil N levels increased from 250 to 500 mg N/kg soil 
compared to control. But the soil amended with 1000 N/kg showed marginal reduction in the 
colonization and proved to be not significant statistically. The interaction effect was found to 
be nonsignificant (Table 28). 
Nodulation 
From the data given in table 28 it was observed that the number of nodules improved 
significantly with increasing levels of N (0, 250, 500, 1000 mg N/kg soil). In the soil 
amended with 1000 mg N/kg soil treated with G. fasciculatum alone showed the highest 
mmiber of nodules/root system. Plants inoculated with Glomus fasciculatum resulted in 
significant increase in number of nodules compared to uninoculated control. Meloidogyne 
incognita on the other hand significantly suppressed the number of nodules. At all the levels 
of N, combined effect of G. fasciculatum and M. incognita varied significantly from the 
control. The interaction effect was found to be not significant. 
Root-knot disease 
In the soil amended with N, G. fasciculatum significantly suppressed the soil and root 
population as well as the root galling. In the soil amended with 500 and 1000 mg N/kg soil, 
there were significantly poor root population, number of galls/root system compared to 
control. However, the soil N levels decreased significantly the population of nematodes in 
soil as well as number of galls/root systems. The interaction of nitrogen, AM fimgus and 
nematode was significant for nematode population per g soil and number of galls/root 
system. Significant reduction occurred in nematode population and root galling in plants 
inoculated with the M. incognita alone or in combination with G. fasciculatum at all N levels 
(Table 29 & 30). 
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Table 28. Effect of added N level on mycorrhization by Glomus fasciculatum (Gf) and 
nodule number in G. fasciculatum and Meloidogyne incognita (Mi) infected 
chickpea plants 
Treatment 
No 
N, 
N, 
N3 
Mean 
Control 
0 
0 
0 
0 
0 
Gf 
55 
58 
65 
64 
60 
Mycorrhization 
Mi 
0 
0 
0 
0 
0 
Gf+Mi 
45 
48 
52 
50 
49 
Mean 
25 
27 
29 
29 
CD at 5% - Inoculation -1 N level -1 Interaction - 3 
Treatment 
No 
N, 
N, 
N3 
Mean 
CD at 5% -
Control 
14 
22 
26 
28 
23 
Inoculation - 2 
Gf 
26 
34 
38 
40 
35 
Nodule number 
N level • -2 
Mi 
6 
9 
13 
15 
11 
Gf+Mi 
19 
24 
27 
29 
25 
Interaction -NS 
Mean 
16 
22 
26 
28 
117 
Table 29. Effect of added N level on nematode population of Meloidogyne incognita (Mi) 
in root and soil of chickpea plants 
Treatment 
No 
N, 
N: 
N, 
Mean 
Control 
0 
0 
0 
0 
0 
Root nematode population 
Gf 
0 
0 
0 
0 
0 
Mi 
121 
110 
97 
82 
103 
Gf+Mi 
75 
61 
42 
24 
51 
Mean 
49 
43 
35 
27 
CD at 5% - Inoculation - 2 Nlevel - 2 Interaction - 4 
Treatment 
N„ 
N, 
N, 
Na 
Mean 
CD at 5% -
Control 
0 
0 
0 
0 
0 
Inoculation - 184 
Soil nematode population 
Gf 
0 
0 
0 
0 
0 
N level -
Mi 
13427 
12680 
11317 
9890 
11829 
184 
Gf+Mi 
8305 
7095 
5450 
3726 
6144 
Interaction • -368 
Mean 
5433 
4944 
4192 
3404 
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Table 30. Effect of added N level on total nematode population and number of galls of 
chickpea plants 
Treatment 
N„ 
N, 
N, 
N, 
Mean 
CD at 5% -
Control 
0 
0 
0 
0 
0 
Inoculation - 184 
Total nematode population 
Gf 
0 
0 
0 
0 
0 
N level • 
Mi 
13548 
12790 
11414 
9972 
11931 
•184 
Gf+Mi 
8380 
7156 
5492 
3750 
6195 
Interaction - 367 
Mean 
5482 
4987 
4227 
3431 
Treatment 
No 
N, 
N, 
N3 
Mean 
CD at 5% -
Control 
0 
0 
0 
0 
0 
Inoculation - 2 
Gf 
0 
0 
0 
0 
0 
Number of galls 
N level • • 2 
Mi 
107 
89 
73 
58 
82 
Gf+Mi 
74 
53 
38 
21 
47 
Interaction -3 
Mean 
45 
36 
28 
20 
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SECTION IV B 
RESULTS 
Growth characteristics 
Plant length 
The plant length improved significantly over the control at 100 mg P/Kg soil level 
and above, the maximum occurring at 200mg P/Kg soil (Table 31). Further increase in P 
level did not enhance the length of plant. Plants inoculated with Glomus fasciculatum 
resulted in significant increase in plant length compared to uninoculated control. 
Meloidogyne incognita, on the other hand, significantly suppressed the growth of the plant. 
At zero P level, combined effect of G. fasciculatum and M. incognita varied significantly 
fix)m the control. The interaction was not significant and in general, the maximum length of 
plant was obtained at 200mg P/Kg soil level, when plants were inoculated with G. 
fasciculatum. A significant difference was observed in the length of plants inoculated with 
M. incognita at the different levels of P (100, 200 mg P/Kg soil). 
Plant fresh weight 
Fresh weight of chickpea plants showed a significant increase due to phosphorus 
appUcation upto 200 mg/pot level. Further increase in P level did not enhance the plant fi-esh 
weight. There was a significant reduction in plant fi-esh weight caused by M. incognita, 
while the inoculation of G. fasciculatum significantly increased the plant fi-esh weight. The 
G. fasciculatum treatment completely nullified the suppressive action of M incognita under 
simultaneous inoculation at all levels of P. The interaction effect was found to be significant 
(Table 31). 
Plant dry weight 
In case of dry weight, the soil amended with 200 mg P/kg soil, produced a highly 
significant dry weight compared to control and the first level of P. However, its value proved 
to be non-significant with 400mg P/kg soil level. The dry weight was significantly reduced 
due to M. incognita (Table 31). 
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Table 31. Effect of added P level on length, fresh and dry weights of Glomus fasciculatum 
(GO and Meloidogyne incognita (Mi) infected chickpea plants 
Treatment 
Po 
P, 
P2 
P3 
Mean 
CD at 5% -
Treatment 
P« 
P. 
P2 
P3 
Mean 
CD at 5% -
Treatment 
Po 
P, 
P2 
P3 
Mean 
CD at 5% -
Control 
65.70 
71.40 
75.50 
74.20 
71.70 
Inoculation -
Control 
53.05 
57.92 
59.16 
58.83 
57.24 
Inoculation -
Control 
8.04 
9.26 
9.62 
9.56 
9.12 
Inoculation -
1.61 
1.64 
0.29 
Gf 
78.53 
82.10 
84.90 
84.00 
82.38 
Plant length (cm) 
P level -
Mi 
47.30 
51.20 
57.20 
57.03 
53.18 
1.61 
Gf+Mi 
68.80 
74.90 
77.60 
76.90 
74.55 
Interaction -
Fresh weight (g/plant) 
Gf 
61.91 
65.09 
67.58 
67.28 
65.46 
P level • 
Gf 
10.04 
10.32 
10.58 
10.52 
10.36 
Mi 
37.64 
41.48 
43.59 
43.18 
41.47 
•1.64 
Gf+Mi 
56.30 
59.84 
60.65 
60.00 
59.19 
Interaction • 
Plant dry weight (%) 
P level • 
Mi 
6.33 
6.98 
7.39 
7.30 
7.00 
-0.29 
Gf+Mi 
8.30 
9.11 
9.42 
9.39 
9.06 
Interaction 
•NS 
NS 
-NS 
Mean 
65.08 
69.90 
73.80 
73.03 
Mean 
52.23 
56.08 
57.75 
57.32 
Mean 
8.18 
8.92 
9.25 
9.19 
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The extent of dry weight promoted by G. fasciculatum was significantly superior to 
the control. In the interaction, 200 and 400 mg P/kg soil levels yielded almost the same 
amount without any significant difference. A significant difference occurred in dry weight at 
the different P levels except 400 mg P/kg. In plants inoculated with M. incognita dry weight 
response of plants with the combination of G. fasciculatum and M. incognita showed that the 
former helped the host to overcome the nematode effect, as they produced an almost the 
same dry weight as that of control, whereas G. fasciculatum significantly increased the dry 
weight of the plants compared to control. All the treatments proved to be significantly 
superior to that of A/, incognita. The interaction trend was found to be not significant. 
Nutrient status 
From the table 32, it becomes evident that out of three elements (N, P and K) studied, 
the P content of plants showed higher increase due to P application. Increase in P contents of 
the plant was significant and proportionate with the increasing amount of P in soil. All the 
three nutrient contents (N,P and K) were significantly higher in plants treated with G. 
fasciculatum than to those inoculated with M. incognita. The interaction effect was found to 
be significant in the element (N P and K). 
MycorrhizatioD 
The mycorrhization was significantly affected at the different P levels (Table 33). In 
soil, not amended with P, G. fasciculatum showed 52% colonization, but when M. incognita 
was added, the colonization was significantly reduced to 43%. In the soil amended with P, 
the mycorrhization showed significant increase upto 200mg P/kg soil, although at 400mg 
P/kg soil the percentage of mycorrhization significantly dropped. Mycorrhization increased 
to the maximum at 100 and 200mg P/kg soil doses of P. There was no significant differences 
between the mycorrhization at 200 and 400mg P/kg soil levels. 
Nodulation 
The number of nodules increased significantly with increasing levels of P (0,100, 200 
mg P/kg soil) and fiirther increase in the P level showed significant reduction in the number 
of nodules/root system. In the soil amended with 200 mg P/kg soil treated with G. 
fasciculatum alone showed the highest number of nodules/root system while on the other M. 
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Table 32. Effect of added P level on N, P and K contents of Glomus fasciculatum (GO and 
Meloidogyne incognita (Mi) infected chickpea plants 
Treatment 
P. 
P, 
P: 
P3 
Mean 
CD at 5% -
Treatment 
Po 
P. 
P. 
P3 
Mean 
CD at 5% -
Treatment 
Po 
P. 
P2 
P3 
Mean 
CD at 5% -
Control 
2.60 
2.89 
3.05 
3.27 
2.95 
Inoculation -
Control 
0.265 
0.345 
0.396 
0.420 
0.357 
Inoculation -
Control 
1.88 
1.93 
2.01 
2.05 
1.97 
Inoculation -
0.02 
0.002 
0.03 
Nitrogen content (%) 
Gf 
3.38 
3.55 
3.75 
4.06 
3.68 
P level -
Mi 
2.02 
2.15 
2.32 
2.38 
2.22 
0.02 
Gf+Mi 
2.88 
3.16 
3.38 
3.52 
3.24 
Interaction -
Phosphorus content (%) 
Gf 
0.328 
0.402 
0.431 
0.445 
0.402 
P level • 
Mi 
0.215 
0.275 
0.315 
0.333 
0.284 
- 0.002 
Gf+Mi 
0.215 
0.315 
0.357 
0.386 
0.327 
Interaction • 
Potassium content (%) 
Gf 
2.05 
2.12 
2.14 
2.18 
2.12 
P level • 
Mi 
1.45 
1.56 
1.63 
1.76 
1.60 
-0.03 
Gf+Mi 
1.78 
1.85 
1.91 
2.03 
1.89 
Interaction 
0.05 
Mean 
2.72 
2.94 
3.13 
3.31 
Mean 
0.265 
0.334 
0.375 
0.396 
-0.004 
-0.06 
Mean 
1.79 
1.87 
1.92 
2.01 
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Table 33. Effect of added P level on mycorrhization by Glomus fasciculatum (Gf) and 
nodule number in G. fasciculatum and Meloidogyne incognita (Mi) infected 
chickpea plants 
Treatment 
Po 
P. 
P2 
Pa 
Mean 
CD at 5% -
Control 
0 
0 
0 
0 
0 
Inoculation -1 
Gf 
52 
63 
65 
62 
61 
Mycorrhization 
P level -1 
Mi 
0 
0 
0 
0 
0 
Gf+Mi 
43 
55 
58 
52 
52 
Interaction - 2 
Mean 
24 
30 
31 
29 
Treatment 
Po 
Pi 
P2 
P3 
Mean 
CD at 5% -
Control 
10 
15 
18 
16 
15 
Inoculation - 2 
Gf 
22 
29 
30 
28 
27 
Nodule number 
P level - 2 
Mi 
5 
8 
10 
8 
8 
Gf+Mi 
17 
20 
22 
19 
20 
Interaction • •NS 
Mean 
14 
18 
20 
18 
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incognita significantly reduced the number of nodules. The interaction effect 
was found to be not significant (Table 33). 
Root-knot disease 
The significant decrease was observed in the nematode population in soil 
and roots and the number of galls/root system at different levels of P (Table 
34,35). The nematode population in soil decreased significantly by the increase 
of P levels. However, 0 and 100 mg P/kg soil levels showed aknost the same 
nematode population. At higher P level, there as a significant reduction in the 
nematode population in root and soil as well as in number of galls/root 
system. The soil not amended with P exhibited significantly greater number of 
galls/root system and the nematode population compared to those amended with 
different P levels. In plants applied with different P levels (100, 200, 400 mg 
P/kg soil) the number of galls/root system were significantly low compared to 
plants inoculated with M. incognita. Inoculation of G.fasciculatum along with 
M. incognita reduced the nematode population in both soil and root and 
number of galls/root system compared to those inoculated only with M. 
incognita (Table 34, 35). 
EXPERIMENT - IV C 
RESULTS 
Growth characteristics 
Plant length 
The K requirement in general was found to be 400 mg/pot and further 
increase in K level did not bring about any significant increase in plant 
length. M. incognita significantly reduced the plant length, while G 
fasciculatum improved the same significantly. Table (36). The suppressive 
effect of M incognita was neutralized by G. fasciculatum. The interaction 
was found to be not significant and in G. fasciculatum inoculated plants the 
requirement of potassium was reduced to 200 mgK/pot compared to control 
which required 400 mgK/pot. In M. incognita inoculation treatment no 
significant difference was found between 200 and 400 mgK/pot treatments. 
Table 34. Effect of added P level on nematode population of Meloidogyne incognita 
(Mi) in root and soil of chickpea plants 
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Treatment 
Po 
P. 
P2 
P3 
Mean 
Control 
0 
0 
0 
0 
0 
Root nematode populat 
Gf 
0 
0 
0 
0 
0 
Mi 
125 
118 
110 
99 
113 
ion 
Gf+Mi 
75 
64 
51 
39 
57 
Mean 
50 
46 
40 
35 
CD at 5% - Inoculation - 3 P level - 3 Interaction - 6 
Treatment Soil nematode population 
P. 
p, 
P2 
P3 
Mean 
CD at 5% 
Control 
0 
0 
0 
0 
0 
- Inoculation - 313 
Gf 
0 
0 
0 
0 
0 
P level 
Mi 
13540 
13317 
12117 
11526 
12550 
-313 
Gf+Mi 
8501 
8368 
6501 
5221 
7148 
Interaction • 
Mean 
5510 
5346 
4655 
4187 
-626 
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Table 35. Effect of added P level on total nematode population and number of galls of 
chickpea plants 
Treatment Total nematode popuation 
Po 
p. 
P2 
P3 
Mean 
CD at 5% 
Control 
0 
0 
0 
0 
0 
- Inoculation - 315 
Gf Mi 
0 13665 
0 13135 
0 12227 
0 11625 
0 12663 
P level - 315 
Gf+Mi 
8576 
8432 
6552 
5260 
7205 
Interaction • 
Mean 
5560 
5392 
4695 
4221 
-630 
Treatment 
Po 
P. 
P: 
P3 
Mean 
CD at 5% -
Control 
0 
0 
0 
0 
0 
Inoculation - 2 
Gf 
0 
0 
0 
0 
0 
Number of galls 
P level - 2 
Mi 
107 
92 
80 
69 
87 
Gf+Mi 
73 
56 
44 
28 
50 
Interaction - 4 
Mean 
45 
37 
31 
24 
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Table 36. Effect of added K level on length, fresh and dry weights of Glomus fasciculatum 
(Gf) and Meloidogyne incognita (Mi) infected chickpea plants 
Treatment Plant length (cm) 
Ko 
K, 
Ka 
K3 
Mean 
Control 
65.30 
68.80 
72.20 
73.50 
69.95 
Gf 
78.90 
81.00 
83.50 
84.00 
81.88 
Mi 
48.30 
50.20 
55.30 
55.37 
52.29 
Gf+Mi 
68.20 
73.50 
75.30 
76.00 
73.26 
Mean 
65.18 
68.38 
71.58 
72.22 
CD at 5% - Inoculation - 1.52 K level-1.52 Interaction - NS 
Treatment Plant fresh weight (g/plant) 
Ko 
K, 
K. 
K3 
Mean 
Control 
53.10 
56.50 
59.10 
59.61 
57.07 
Gf 
60.80 
62.80 
66.85 
67.24 
64.42 
Mi 
38.03 
40.32 
44.32 
45.54 
42.53 
Gf+Mi 
56.40 
58.66 
61.20 
61.98 
59.56 
Mean 
52.08 
54.57 
57,87 
58.59 
CD at 5% - Inoculation -1.68 K level -1.68 Interaction - NS 
Treatment Plant dry weight (g/plant) 
Ko 
K, 
K, 
K3 
Mean 
CD at 5% 
Control 
8.17 
9.03 
9.37 
9.43 
9.00 
- Inoculation -
' 
0.29 
Gf 
9.92 
10.15 
10.56 
10.60 
10.30 
K level 
Mi 
6.32 
6.57 
6.92 
6.99 
6.70 
-0.29 
Gf+Mi 
8.34 
8.68 
9.12 
9.21 
8.83 
Interaction • 
Mean 
8.19 
8.61 
8.99 
9.06 
-0.58 
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Fresh weight 
The extent of fresh weight promoted by the appHcation of different K levels was 
significantly superior to control. There was a significant increase in fresh weight upto 400 
mg K/pot and thereafter the fresh weight remained stable (Table 36). Among the different 
inoculation treatments, G. fasciculatum alone and G. fasciculatum and M. incognita in 
combination significantly increased the fresh weight, M incognita drastically reduced the 
fresh weight in comparison to control. The interaction effect was not significant. G. 
fasciculatum reduced the K requirement fix)m 400 mg K/kg to 200 mg K/kg soil. Application 
of K in the presence of Af. incognita did not improve the fresh weight to any significant level. 
Dry weight 
The results obtained on the effect of different K treatments on the dry weight of 
chickpea are given in table 36. The requirement of potassium to promote the dry weight to a 
significant level over the control was found to be 400 mg/pot. Further increase in potassium 
level did not improve the dry weight significantly. Plants treated with G. fasciculatum 
produced the highest dry weight, which proved superior to the control and at par with G. 
fasciculatum + M. incognita combined inoculation. M. incognita reduced the dry weight 
significantly. The interaction effect was significant. 
Nutrient status 
The application of K showed significant increase in the nutrient status of the test plant 
(Table 37). At the level of 400 and 800 mg K/kg soil, the apphcation of K did not differ 
significantly in all the three elements (N, P and K). Application of 400 mg K/pot improved 
the K content significantly compared to control. The application of G. fasciculatum alone or 
in combination with M. incognita increased the NPK contents of the treated plants 
significantly compared to control as well as those inoculated with M. incognita. The 
interaction was significant in case of N, while in P and K it was not significant. 
Mycorrhization 
The experimental results on mycorrhization are given in Table 38. The 
mycorrhization increased significantly with different K levels. However, at the level of 400 
and 800 mg K/kg soil, the difference in mycorrhization between the above levels was not 
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Table 37. Effect of added K level on N, P and K contents of Glomus fasciadatum (Gf) and 
Meloidogyne incognita (Mi) infected chickpea plants 
Treatment Nitrogen content (%) 
Ko 
K, 
K, 
K3 
Mean 
Control 
2.62 
2.73 
2.82 
2.91 
2.69 
Gf 
3.35 
3.57 
3.69 
3.78 
3.59 
Mi 
1.92 
2.00 
2.11 
2.19 
2.05 
Gf+Mi 
2.83 
3.11 
3.30 
3.45 
3.17 
Mean 
2.68 
2.85 
2.98 
3.08 
CD at 5% - Inoculation - 0.11 K level-0.11 Interaction - NS 
Treatment Phosphorus content (%) 
Ko 
K. 
K, 
K, 
Mean 
Control 
0.259 
0.278 
0.295 
0.308 
0.285 
Gf 
0.325 
0.345 
0.367 
0.383 
0.355 
Mi 
0.215 
0.248 
0.259 
0.262 
0.246 
Gf+Mi 
0.250 
0.275 
0.300 
0.314 
0.285 
Mean 
0.262 
0.287 
0.305 
0.317 
CD at 5% - Inoculation - 0.003 K level - 0.003 Interaction - 0.006 
Treatment Potassium content (%) 
Ko 
K, 
K, 
K3 
Mean 
. CD at 5% 
Control 
1.87 
1.99 
2.28 
2.43 
2.14 
- Inoculation - 0.03 
Gf 
2.01 
2.37 
2.75 
2.94 
2.51 
K level -
Mi 
1.41 
1.62 
1.60 
1.93 
1.64 
0.03 
Gf+Mi 
1.74 
1.95 
2.16 
2.29 
2.03 
Interaction -
Mean 
1.76 
1.98 
2.20 
2.40 
-0.06 
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Table 38. Effect of added K level on mycorrhization by Glomus fasciculatum (Gf) and 
nodule number in G. fasciculatum and Meloidogyne incognita (Mi) infected 
chickpea plants 
Treatment 
K« 
K. 
Kz 
K3 
Mean 
Control 
0 
0 
0 
0 
0 
Gf 
54 
58 
63 
64 
60 
Mycorrhization 
Mi 
0 
0 
0 
0 
0 
(%) 
Gf+Mi 
42 
44 
49 
51 
47 
Mean 
24 
26 
28 
29 
CD at 5% - Inoculation -1 K level -1 Interaction - 2 
Treatment 
K„ 
K, 
K, 
K3 
Mean 
CD at 5% -
Control 
13 
15 
19 
20 
17 
Inoculation - 2 
Gf 
25 
30 
32 
33 
30 
Number of nodules 
K level • 
Mi 
6 
9 
11 
13 
10 
• 2 
Gf+Mi 
15 
20 
22 
23 
20 
Interaction - 4 
Mean 
15 
19 
21 
22 
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significant. The mycorrhization increases significantly in the presence of Glomus 
fasciculatum either alone or along with M incognita. The interaction was not significant. 
NodulatioD 
The experimental results obtained on the number of nodules are given in Table 38. 
The extent of number of nodules promoted by the application of different K levels was 
significantly superior to control. There was a significant increase in number of nodules upto 
400 mg/pot and further increase in K level, the number of nodules remained stable. G. 
fasciculatum alone and G. fasciculatum plus M. incognita in combination significantly 
increased the number of nodules while the later reduced the number of nodules in comparison 
to control. The interaction effect was not significant. 
Root knot disease 
The nematode population increased by increasing the level of K (Table 39 & 40). The 
soil population of nematode did not increase significantly with the increasing level of K. 
However, the increase in nematode population between 200 and 400 mg K/kg levels was 
significant. Number of galls in treated plants increased significantly upto the level of 400 mg 
/kg soil. The nematode population and number of galls were reduced significantly when both 
M. incognita and Glomus fasciculatum were inoculated together compared to plants which 
were inoculated with M incognita alone. 
EXPERIMENT IV-D 
RESULTS 
Growth characteristics 
Plant length 
The plant length was significantly reduced with the inoculation of M. incognita 
compared to control. G. fasciculatum, on the other hand, caused significant increase in plant 
length. Combined inoculation with G. fasciculatum and M. incognita resulted in significantly 
better plant length compared to M. incognita alone. The nitrogen (N), phosphorus (P) and 
potassium (K) significantly improved the length of plant compared to control. The N+P and 
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Table 39. Effect of added K level on nematode population of Meloidogyne incognita (Mi) 
in root and soil of chickpea plants 
Treatment 
Ko 
K, 
K. 
K3 
Mean 
Control 
0 
0 
0 
0 
0 
Root nematode population 
Gf 
0 
0 
0 
0 
0 
Mi 
120 
130 
141 
143 
134 
Gf+Mi 
73 
80 
71 
69 
73 
Mean 
48 
53 
53 
53 
CD at 5% - Inoculation - 2 K level-2 Interaction - 4 
Treatment 
Ko 
K, 
K: 
K3 
Mean 
CD at 5% -
Control 
0 
0 
0 
0 
0 
Inoculation - 187 
Soil nematode population 
Gf 
0 
0 
0 
0 
0 
K level -
Mi 
13723 
13917 
16122 
16215 
14994 
187 
Gf+Mi 
8322 
8502 
10205 
10295 
9331 
Interaction • -374 
Mean 
5511 
5605 
6582 
6628 
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Table 40. Effect of added K level on total nematode population and number of galls of 
chickpea plants 
Treatment 
K« 
K, 
K, 
K3 
Mean 
Control 
0 
0 
0 
0 
0 
Total nematode populal 
Gf 
0 
0 
0 
0 
0 
Mi 
13883 
14047 
16263 
16358 
15138 
tion 
Gf+Mi 
8395 
8582 
10276 
10364 
9404 
Mean 
5570 
5657 
6635 
6681 
CD at 5% - Inoculation -189 K level -189 Interaction - 398 
Treatment 
Ko 
K. 
K^  
K3 
Mean 
CD at 5% -
Control 
0 
0 
0 
0 
0 
Inoculation - 2 
Gf 
0 
0 
0 
0 
0 
Number of galls 
K level • • 2 
Mi 
105 
112 
125 
124 
117 
Gf+Mi 
71 
76 
83 
82 
78 
Interaction - 4 
Mean 
44 
47 
52 
52 
134 
N+K treatments proved significantly superior to P+K and to the ones supplied with single 
fertilizer (Figure 8). All the three fertilizers in combination (NPK) supported best plant 
length. The addition of any one fertilizer or their combined application did not improve the 
length in the plants inoculated with M. incognita. Better plant length was observed in the 
plants inoculated with G. fasciculatum irrespective of the presence of M incognita and in 
control plants. Interaction was found to be significant (Table 41). 
Plant fresh weight 
Maximum improvement in plant fresh weight was observed in the plant inoculated 
with G. fasciculatum followed by G. fasciculatum + M. incognita inoculated plants. M 
incognita alone caused a significant reduction in the fresh weight (Table 41). The three 
fertilizers together caused greater increase in the fresh weight of plants. Application of any 
two fertilizers in combination (N+P, N+K and P+K) yielded a better amount of fresh weight 
of plant parts inoculated with the AM ftmgus and root-knot nematode at the different 
fertilizer treatments (Figure 8). Interaction was found to be significant. 
Plant dry weight 
The plant dry weight followed the same trend as that of plant fresh weight (Table 41). 
Maximum improvement in plant dry weight was observed in the plants inoculated with G. 
fasciculatum followed by G. fasciculatum + M. incognita inoculated plants. M. incognita 
alone caused a considerable reduction in the dry weight of plants compared to control (Figure 
8). The three fertilizers together caused the greatest increase in dry weight of plants. 
Maximum dry weight was observed in the plants which were supplied with all the three 
fertilizers N+P+K. The interaction effect was found to be significant. 
Nutrient status 
In general the N, P and K contents of the plants were reduced by M. incognita. 
Inoculation by G. fasciculatum with or without M. incognita caused a significant 
improvement in the P and K contents of the plants. The extent of promotion in N content of 
the plants inoculated with G. fasciculatum did not differ significantly with others (Table 42). 
A particular nutrient content in the plant increased when that nutrient was included in the 
fertilizers alone or in combination with N+P, N+K and N+P+K treatment, in comparison to 
control (Figure 9). The P content of the plants was significantly improved in the treatments. 
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Table 41. Effect of N, P, K, Glomus fasciculatum (Gf) and Meloidogyne incognita (Mi) 
on plant length, fresh and dry weight of chick pea plants 
Treatments Plant length (cm) 
Control N, 5N K400 N+P N+K P+K N+P+K Mean 
78.50 71.90 71.60 81.00 79.80 73.50 83.60 75.68 
85.20 80.60 78.80 87.50 82.60 79.60 90.00 82.65 
59.44 51.70 50.90 66.00 57.50 55.00 68.50 57.19 
80.20 75.40 74.80 84.60 80.00 65.50 86.50 77.01 
75.83 69.90 69.03 79.78 74.98 68.40 82.15 
Control 
Gf 
Mi 
Gf+Mi 
Mean 
65.50 
76.90 
48.50 
69.10 
65.00 
CD at 5% - Inoculation -1.02 Fertilizer-1.44 Interaction - 2.88 
Treatments Plant fresh weight (g/pant) 
Control N, ^•m ^ 4 0 * N+P N+K P+K N+P+K Mean 
63.26 59.22 58.16 63.00 62.30 58.40 64.20 60.33 
68.33 66.03 65.25 70.60 67.50 62.20 72.70 67.03 
47.11 43.72 42.89 54.90 49.20 48.80 55.80 47.73 
63.04 60.46 59.23 67.80 65.60 54.30 69.20 62.07 
60.44 57.36 56.38 64.08 61.15 55.93 65.48 
Control 
Gf 
Mi 
Gf+Mi 
Mean 
54.10 
63.62 
39.43 
56.90 
53.51 
CD at 5% -
Treatments 
Inoculation - 0.83 Fertilizer - 1.18 Interaction - 2.35 
Plant dry weight (g/plant) 
Control Njw, P,oo K400 N+P N+K P+K N+P+K Mean 
Control 
Gf 
Mi 
Gf+Mi 
Mean 
8.20 9.92 9.36 9.09 9.87 9.65 8.99 
9.93 10.70 10.38 10.06 10.92 10.56 9.83 
6.42 8.05 7.45 6.89 8.62 7.89 7.67 
8.27 10.01 9.65 9.00 10.62 10.48 8.26 
8.21 9.67 9.21 8.76 10.01 9.65 8.69 
10.12 9.40 
11.25 10.45 
8.75 7.72 
10.86 9.64 
10.28 
CD at 5% - Inoculation - 0.16 Fertilizer - 0.22 Interaction - 0.44 
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Table 42. Effect of N, P, K, Glomus fasciculatum (Gf) and Meloidogyne incognita (Mi) 
on N, P and K contents of chick pea plants 
Treatments Nitrogen content (%) 
Control 
Gf 
Mi 
Gf+Mi 
Mean 
Control 
2.52 
3.34 
1.97 
2.83 
2.67 
N»c 
3.48 
4.45 
2.69 
3.75 
3.59 
»»•» 
2.90 
3.57 
2.15 
3.16 
2.94 
K»»o 
2.84 
3.65 
2.13 
3.28 
2.98 
N+P 
3.59 
4.56 
2.82 
3.87 
3.71 
N+K 
3.52 
4.48 
2.73 
3.81 
3.64 
P+K 
2.95 
3.71 
2.20 
3.33 
3.05 
N+P+K 
3.64 
4.62 
2.87 
3.93 
3.76 
Mean 
3.18 
4.05 
2.44 
3.50 
CD at 5% -
Treatments 
Inoculation - 0.23 Fertilizer - 0.33 Interaction - 0.65 
Phosphorus content (%) 
Control Njoo P,M K^^ N+P N + K P+K N+P+K Mean 
Control 
Gf 
Mi 
Gf+Mi 
Mean 
0.261 
0.323 
0.215 
0.251 
0.263 
0.314 0.348 0.298 0.362 0.320 0.355 0.369 0.328 
0.389 0.400 0.366 0.415 0.396 0.409 0.424 0.390 
0.268 0.277 0.254 0.290 0.275 0.285 0.298 0.270 
0.301 0.313 0.303 0.327 0.309 0.321 0.334 0.307 
0.318 0.335 0.305 0.349 0.325 0.343 0.356 
CD at 5% - Inoculation - 0.001 Fertilizer - 0.001 Interaction - 0.002 
Treatments Potassium content 
Control 
Gf 
Mi 
Gf+Mi 
Mean 
Control 
1.86 
2.06 
1.47 
1.74 
1.78 
NM. 
2.03 
2.35 
1.66 
2.07 
2.03 
°200 
1.95 
2.15 
1.58 
1.82 
1.88 
K400 
2.28 
2.75 
1.80 
2.13 
2.24 
N+P 
2.14 
2.47 
1.76 
2.10 
2.12 
N+K 
2.36 
2.81 
1.86 
2.18 
2.30 
P+K 
2.30 
2.78 
1.82 
2.15 
2.26 
N+P+K 
2.40 
2.79 
1.92 
2.25 
2.34 
Mean 
2.16 
2.52 
1.73 
2.05 
CD at 5% - Inoculation - 0.02 Fertilizer - 0.02 Interaction - 0.05 
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Control N N+P N+K P+K N+P+K A 
Control N P K N+P N+K P+K N+P+K A 
Control N K N+P N+K P+K N+P+K A 
A - M incognita, B - Control, C-G. fasciculatum, D - M incognita + G. fasciculatum 
Figure 8. Effect of N, P, K, Glomus fasciculatum and Meloidogyne incognita on plant 
length, fresh and dry weights of chickpea plants. 
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Control P+K N+P+K A 
Cmitrol N+P N+K P+K N+P+K A 
Control P+K N+P+K A 
A - M incognita, B - Control, C - G. fasciculatum, D - M incognita + G. fasciculatum 
Figure 9. Effect of N, P, K, Glomus fasciculatum and Meloidogyne incognita on 
nitrogen, phosphorus and potassium content of chickpea plants. 
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amended with phosphorus fertilizer alone or in combination with N+P, P+K and N+P+K 
treatments compared to control. Higher K content in comparison to control was recorded in 
the treatments with potash fertilizer alone or in combination with others (N+P, P+K and 
N+P+K) (Table 42). 
Mycorrhization 
Meloidogyne incognita caused significant reduction in mycorrhization. 
Mycorrhization was significantly increased when all the three fertilizers (N+P+K) were 
implied to the soil compared to those treatments where any two fertilizers were applied in 
combination (N+P, N+K and P+K). Any two fertilizers tended to increase mycorrhization 
(Figure 10). Application of phosphorus was better results for mycorrhiztion than N and K. 
Mycorrhization was increased by those treatments where phosphorus was applied alone or in 
combination with N and K (N+K, P+K, N+P+K) compared to those treatments where P was 
not included. In general, it was found that P fertilizer improved the mycorrhization by G. 
fasciculatum and its proliferation in the root (Table 43). 
Nodulation 
Table 43 show that inoculation of plants with G. fasciculatum caused significant 
increase in the number of nodules in comparison to control. Combined inoculation with G. 
fasciculatum and M. incognita resulted in a significant increase in the niunber of nodules 
compared to control. Nodulation was highest in this treatment. The nitrogen and potassium 
significantly increased the number of nodules while in case of phosphorus the number of 
nodules remained almost the same to that of control. The N+P and N+K treatment was found 
to be significantly superior to P+K treatment and to the ones supplied with single fertilizer. 
All the three fertilizers in combination (NPK) supported a significantly high number of 
nodules compared to all the other treatments. 
Root-knot disease 
From the data given in Table 44 and 45 show that all the root-knot disease parameters 
studied were affected by the inoculation of G. fasciculatum. Further the maximum reduction 
in nematode population in both soil and root and root galling were observed when all the 
three fertilizers were used in combination (N+P+K). Application of any one fertilizer did not 
have much effect on the root-knot disease parameters compared to control. 
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Control N K N+P N+K P+K N+P+K A 
Control N N+P N+K P+K N+P+K A 
£ 
CfflBtrol 
A - M incognita, B - Control, C - G. fasciculatum, D-M. incognita + G. fasciculatum 
Figure 10. Effect of N, P, K, Glomus fasciculatum and Meloidogyne incognita on 
mycorrhization, nodulation and gall number of chickpea plants. 
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Table 43. Effect of N, P, K, Glomus fasciculatum (Gf) and Meloidogyne incognita (Mi) 
on mycorrhization by Glomus fasciculatum and number of nodule in chickpea 
plants 
Treatments 
Control 
Gf 
Mi 
Gf+Mi 
Mean 
Control 
0 
56 
0 
43 
25 
N5«, 
0 
61 
0 
40 
25 
» JOO 
0 
65 
0 
56 
30 
Mycorrhization (%) 
K<«o 
0 
59 
0 
47 
27 
N+P 
0 
74 
0 
63 
34 
N+K 
0 
70 
0 
59 
32 
P+K 
0 
65 
0 
57 
31 
N+P+K 
0 
76 
0 
64 
35 
Mean 
0 
66 
0 
54 
CD at 5% - Inoculation - 1 Fertilizer - 2 Interaction - 3 
Treatments 
Control 
Gf 
Mi 
Gf+Mi 
Mean 
CD at 5% -
Control 
14 
25 
07 
20 
17 
N«. 
24 
35 
12 
27 
25 
Inoculation - 1 
" l O O 
15 
26 
8 
21 
18 
Number of nodules 
K<eo 
21 
34 
12 
19 
22 
Fertilizer • 
N+P 
30 
41 
18 
32 
30 
•2 
N+K 
32 
45 
22 
35 
34 
P+K 
25 
37 
14 
45 
25 
Interaction -
N+P+K 
35 
48 
25 
38 
37 
NS 
Mean 
25 
36 
15 
27 
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Table 44. Effect of N, P, K, Glomus fasciculatum (Gf) and Meloidogyne incognita (Mi) 
on root and soil nematode population of chickpea plants 
Treatments 
Control 
Gf 
Mi 
Gf+Mi 
Mean 
Control 
0 
0 
125 
75 
50 
N,*, 
0 
0 
97 
42 
35 
" i « 
0 
0 
118 
64 
46 
Root nematode population 
K4t« 
0 
0 
141 
71 
53 
N+P 
0 
0 
no 
63 
43 
N+K 
0 
0 
120 
69 
47 
P+K 
0 
0 
128 
75 
41 
N+P+K 
0 
0 
107 
47 
39 
Mea 
n 
0 
0 
118 
63 
CD at 5% - Inoculation - 1 Fertilizer - 2 Interaction - 3 
Treatments Soil nematode population 
Control N 900 K^ N+P N+K P+K N+P+K Mean 
Control 0 0 0 0 0 0 0 0 0 
Gf 0 0 0 0 0 0 0 0 0 
Mi 13427 11317 13017 16122 11925 13615 14580 11480 1318 
Gf+Mi 8305 5453 7701 10208 7015 7525 8653 6775 7-^4 
Mean 5433 4193 5180 6583 4735 5285 5808 4564 
CD at 5% - Inoculation - 163 Fertilizer - 231 Interaction - 462 
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Table 45. Effect of N, P, K, Glomus fasciculatum (Gf) a^ d Meloidogyne incognita (Mi) 
on the total nematode population and number of galls of chickpea plants 
Treatments Total nematode population 
Control N 500 '100 K^ N+P N+K P+K N+P+K Mean 
Control 0 0 0 0 0 0 0 0 0 
Gf 0 0 0 0 0 0 0 0 0 
Mi 13552 11414 13135 16263 12035 13735 14708 11587 13304 
Gf+Mi 8380 5495 7765 10279 7078 7594 8728 6822 7768 
Mean 5483 4227 5225 6636 4778 5332 5859 4602 
CD at 5% - Inoculation -164 Fertilizer - 231 Interaction - 463 
Treatments 
Control 
Gf 
Mi 
Gf+Mi 
Mean 
CD at 5% -
Control 
0 
0 
105 
71 
44 
NjQJ 
0 
0 
73 
38 
28 
Inoculation -1 
Pjoo 
0 
0 
92 
56 
37 
Number of j 
KlOO 
0 
0 
125 
53 
52 
Fertilizer • 
N+P 
0 
0 
78 
45 
31 
•2 
galls 
N+K 
0 
0 
88 
58 
37 
P+K 
0 
0 
95 
63 
40 
Interaction - 4 
N+P+K 
0 
0 
70 
35 
26 
Mean 
0 
0 
91 
56 
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DISCUSSION 
In the present study, Glomus fasciculatum has been found to improve significantly 
the growth performance of chickpea by overcoming the adverse effects of Meloidogyne 
incognita. Mycorrhizal fungi have been shown to produce beneficial effects on several 
species of host plants (Daft and Nicholson, 1972; Kleinschmidt and Gerdemann, 1972; 
Atilano et al., 1981 and Heald et al, 1989). Growth promotion of G. fasciculatum has 
been appropriately related to improved nutrient status of the mycorrhizal plants. The 
improved nutritional gradient in the mycorrhizal roots has been ascribed to confer 
tolerance/resistance to soil-borne pathogens (Schenck et al., 1975; Roncadori and Hussey, 
1977; Atilano et al., 1981 and Cason et al., 1983). The findings in the present 
investigation also indicate that the AM fungus can cause several detrimental effects on 
the nematode such as suppression in the nematode population and root galling. Some AM 
fungi have been shown to produce antagonistic effects on the population of plant parasitic 
nematodes (Bagyaraj et al, 1979; Sikora 1982; Saleh and Sikora, 1984; Cooper and 
Grandison 1986; Sitaramaiah and Carling et al, 1989; Sivaprasad et al, 1990; Rao et al, 
1992; Sankaranarayanan and Sundarbabu, 1994). Mycorrhizal fungi render susceptible 
plants some degree of resistance against the plant parasitic nematode and have proved to 
be very profitable in limiting crop losses due to these pathogens (Mittal et al, 1991). 
Glomus fasciculatum has been found to cause nullifying effect on the root-knot disease 
and offset the damage caused by nematode on chickpea plants. The effect is possibly due 
to increased host vigour rather than the antagonistic physiological effects (Roncadori and 
Hussey, 1977). It has been reported that in grapes, interaction between Meloidogyne 
arenaria and G. fasciculatum stimulated growth of the host plants in dual inoculated 
plants than in nematode infested plants (Atilano et al, 1976). Similar results have been 
reported in oats (Sikora and Schoenbeck, 1975), peach (Strobel et al. 1982) peanut 
(Hussey and Roncadori, 1982) soybean (Kellam and Schenck, 1980) tobacco (Fox and 
Spasoff, 1972) and tomato (Sikora and Schoenbeck, 1975). 
In the first experiment of the present investigation it was found that chickpea plants 
were apparently dependent on mycorrhizal fungus for optimum growth, particularly when 
nitrogen is applied to the soil / it is deficient. Application of nitrogen improved the growth 
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parameters, when the soil is amended with 500 and 1000 mg N/kg of soil. Nitrogen 
requirement in mycorrhiza) plants, irrespective of nematode inoculation was considerably 
reduced (250 mg N/kg soil) to support the optimum increase in the growth parameters. 
Brown et a/. (1981) in a similar study reported that in sweet gum potted seedlings raised in 
fumigated soil and inocualted with G. etunicatum the nitrogen requirement has been 
reduced to 560 kg N/ha from 2240 kg N/ha to produce the optimum growth performance. 
The application of nitrogen levels increased the nutrient status (N, P and K content) 
of the chickpea plants. N contents improved significantly with increasing levels of N from 
250 to 1000 mg N/kg soil. Mycorrhizal colonization was also found to be enhanced by the 
N fertilizer levels along with G. fasciculatum. Brown et al. (1981) reported that 280 and 
560 kg N/ha produced the highest percentage of mycorrhizal roots and also the highest 
intensities of infection per infected root segment. Jenson and Jakobsen (1980) showed that 
N fertilizers had a large negative effect on the mycorrhizal population. This was confirmed 
later by Hayman (1982). Thompson (1986) using multiple regression found that 
colonization of maize and wheat roots with Glomus spp. positively correlated with nitrogen 
concentration of roots and negatively to P concentration. The improved growth and 
nutrient status particularly N and P in both mycorrhizal and non-mycorrhizal plants 
obtained in present study have also been observed in other plants by number of workers 
(Francis and Read, 1988; Sheoran et al, 1991 and Vaast and Zaroski, 1991). 
Improvement in plant growth may possibly be due to the increased nutrient status, 
enzymes and the mycorrhization. The decrease in root exudation having reducing sugars 
and soluble amino acids has been associated with small increase in tissue P concentration 
(Ratnayake et al, 1978). Azcon et al (1996) have reported that with NO3 fertilizer. 
Glomus fasciculatum colonized plants show increased growth, nitrate reductase activity and 
protein contents. Hepper (1983) demonstrated that increased application of NO, increased 
levels of root colonization. Smith et al (1986) obtained the maximum root colonization by 
mycorrhizal fungi in onion at a P.N ratio of 0.13 and the minimum at 0.05. At given levels 
of N, the root-knot disease caused by the M. incognita has been suppressed in both 
mycorrhizal and non-mycorrhizal plants. Nematode population in both root and soil, root 
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galling significantly declined by the different N levels. Effect on the nematode population 
and root-knot galls can be attributed to the nematicidal potential of nitrogenous fertilizers ( 
Singh and Sitaramaiah, 1967; Sitaramaiah and Singh, 1969 and Rodriguez-Kabana et ai. 
1981, 1982). In fact ammonical nitrogen has been reported detrimental to the nematodes 
(Badra and Khattab, 1980; Upadyaya, 1969; Akther et ai, 1998). 
In the second experiment conducted under N and K limiting condition, it has been 
found that plants suppUed with three levels of phosphorus (Single super phosphate) showed 
best growth (length, fresh and dry weight) in soil with 100 and 200 mg P per kg of soil/pot, 
but in mycorrhizal plants P requirement was brought down to 100 mg for the optimum 
growth. AM fungus, thus enhanced the P utilization efficiency of plants. Similar results 
have been obtained in other crop plants by a number of earlier workers (Ross, 1970; Tang 
and Cheng, 1986; Smith and Kaplan; 1988; Amijee et ai. 1989; Burrow et ai, 1990; Azcon 
and Barea, 1992; Virant-Klun and Gogala, 1995). Mycorrhizal fungi increase the fertilizer 
use efficiency and percentage P derived from fertiUzer (Dhinakaran and Savithri, 1977). 
Gardiner and Christensen (1991) observed a high growth of pear seedlings in the plants 
inoculated with Glomus deserticola. In soybean, Carling et ai (1989) found that the 
maximum yield occurring at P fertility rates of 50-150 mg/kg soil irrespective of the fact 
that plants were inoculated with AM fungi or M. incognita or with both simultaneously. 
The beneficial effects of the P fertilizers have been found to be highly obvious in low P 
amended soil (Miller et ai, 1986; Schubert and Hayman, 1986; Kshiragar et ai, 1994; 
Maksoud et ai, 1994; Crush, 1995; Ibijbijem et ai, 1996 and Singh, 1996), Cassava 
(Howeler, 1982), Stylosanthes and citrus (Hayman, 1982) have been found to demonstrate 
an obligate dependence on AM fimgi, especially at lower levels of P availability. Graham 
and Timmer (1985) have found that growth of the mycorrhizal plants exceed that of non-
mycorrhizal ones provided with increasing level of soluble phosphorus fertilizers and a 
combination of them generally stimulate plant growth characters, leaf number and dry 
matter accumulation (EI- Maksoud et ai, 1988). Addition of P to non-mycorrhizal plants 
has little effect compared to the mycorrhizal plants (Price et ai. 1989). 
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In the present investigation phosphorus content of plants enhanced by the P 
fertilizers while nitrogen and potassium contents were not significantly influenced in the 
non-mycorrhizal plants. Inoculation of M incognita deleteriously affected the nutrient 
contents of the host plants. Inoculation of G. fasciculatum, on the other hand, improved the 
nutrient status in both nematode-infested and uninfested chickpea plants. At a given P 
level, M. incognita had no influence on the mycorrhization of G. mosseae (Jaizme-vega et 
al, 1977). In the soil with different P levels, mycorrhizal infection efficiency of the G. 
fasciculatum proportionately increased as the P level was increased from 0 to 400 mg P/kg 
soil. Several workers have reported increased nutrient contents and mycorrhizal 
colonization, with improved vigour by the P fertilizer application (Ross, 1970; Gruhn et 
al..; 1987; Lamar and Cavey 1988; Smith and Kaplan, 1988, Arafat et al ., 1995 and 
Rathore and Singh, 1995). 
The present findings on the increase in the intensity of mycorrhizal infection by G. 
fasciculatum when P levels are provided at lower levels of P, confirm the earlier findings. 
Addition of phosphatic fertilizer to the soil very low in phosphate can increase per cent 
colonization of root system possibly, through direct effect on AM fimgus and host parasite 
relationship (Bolon era/., 1984). 
The improvement in plant growth may be possibly, due to the increased mycorrhizal 
root colonization of G. fasciculatum and nutrient status particularly P by the P fertility 
levels. The P status of the plants strongly affects AM fungal colonization. Tawaraya et al. 
(1996) also found that addition of P to the host plant influences the composition of the root 
exudate and thereby the hyphal growth of AM fungi. 
The physiological and biochemical basis for the improvement of the AM fungi 
colonization is not well understood. Menge et al. (1978) recorded that concentration of P in 
the plant tissue is responsible for inhibition of mycorrhizal colonization. But Outlay and 
Dandurand (1989) refuted this idea by the observation that the reduction in mycorrhizae at 
the highest P levels of extractable soil P apparently is not critical to either P uptake or dry 
matter production. In the present study amendment of the soil with P levels significantly 
decreased the nematode population in soil and root, and root galling. Tylka et al. (1991) 
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reported that phosphorus had no effect on soybean cyst nematode, Heterodera glycine. In 
cotton Smith et al. (1986) noted that phosphorus fertilizers increased yield losses due to M. 
incognita, increased nematode inoculum densities and nematode juveniles penetrating 
seedling root. In the present study it has been noted that G. fasciculatum caused significant 
reduction in nematode population both in root and soil and root galling. Similar results 
have been obtained earlier by a number of workers (Cooper and Grandison, 1986; 
Grandison and Cooper, 1986; Smith and Kaplan, 1988; Carling et al. 1989; Price et al, 
1989; Krishna Prasad 1991 and Jaizme-vega et al, 1997). Carling et al (1996) noted that 
growth and yield of groundnut plants are generally stimulated by AM fiingi development 
and groAvth is suppressed by Meloidogyne arenaria at 0 and 125 ^ig/g P level, regardless of 
inoculation of AM fungi. AM fungi increased the tolerance of groundnut plant to 
nematode and offset the growth reduction caused by M. arenaria at the two lower P levels 
(0,25 ng/g soil). Chickpea plant is benefitted from the mycorrhizal association at low 
levels of available P in sterilized soil. Brown and Bethlenfalvay (1988) showed improved 
photosynthetic efficiency and nitrogenase activity in the leaves of Cajanus cajan inoculated 
with G. fasciculatum. Elwan (1993) have also observed increased root surface and 
transpiration rate in P fertilized mycorrhizal plants. Efficiency of AM fungi is largely 
imder the influence of edaphic factors and different sources of phosphorus (Murdoch et al, 
1967). Mycorrhizae benefit in terms of phosphorus substitute is perhaps also dependent on 
plant species and cultivar (Menge er a/., 1978). 
In third experiment, under N and P limiting conditions, addition of K levels has 
increased all considered parameters of plant growth as K application is increased from 200 
to 800 mg/kg soil level. In G. fasciculatum inoculated plants, the requirement of potassium 
has been reduced. K fertilizer improved N, P and K content of the plants. Mycorrhizal 
root colonization, number of nodules and root-knot disease are also influenced by K 
application Glomus fasciculatum improved N, P and K contents and reduced the root-knot 
disease development. Application of K fertilizer further helped G. fasciculatum to 
minimize suppressive effect of the root-knot nematode. The growth stimulation by the 
potash fertilizer in both mycorrhizal and non-mycorrhizal plants may be due to potassium 
149 
utilization by the host as it has major role in the functioning of various enzymes systems. It 
can be summarized that with the addition of K, all the growth parameters, N, P, K content, 
number of nodules and mycorrhization increased significantly upto the K level of 400 mg 
K/kgofsoil. 
In the last experiment with selected doses of N, P and K fertilizers applied alone and 
in combination, the best plant growth has been observed when complete fertilizers 
(N+P+K) were used followed by the treatments where any two fertilizers were employed. 
The response of the fertilizers is effective in M incognita infected plants. The plants use 
the fertilizers efficiently when inoculated with G. fasciculatum and reduce the damage 
caused by M incognita to large extent. In Liquidambar stryraciflua (Sweet gum) 
seedlings, Schultz et ai, (1979) have observed that with the inoculation of a mixture of G. 
mosseae and G. etunicatum, seedlings have developed significantly higher biomass, height 
and stem diameter at each fertilizer level than non mycorrhizal plants. 
Nutrient status (N, P and K content) of the plants has been found to be reduced due 
to M incognita infection while G. fasciculatum improved the N, P and K content to a 
significant level. A particular nutrient content in plant increases when that nutrient is added 
with fertilizer dosage. Macgado et al. (1988) have also reported that fertilizer treatment 
(NPK) increase nitrogen, calcium and sulphur contents in shoot of Eucalyptus citridora 
raised fi^om seeds in nursery beds inoculated with Paspalum notatum root inoculum of a 
wild fimgus and with Glomus mosseae colonized roots of Oryza sativa. 
The mycorrhization per cent and number of nodules have been found to be reduced 
in the presence of M. incognita. In general P fertilizer improves the proliferation and 
development of AM fungi more than N and K as evident by the greater mycorrhizal root 
colonization. The percentage of mycorrhizal infection and number of hyphal entry points 
increased with increasing level of P. The best indicator for identifying a soil that will 
provide good colonization appears to be the percentage of P in plants at the time of AM 
colonization (Jasper et ai, 1979). In a similar study, Sreenivasa and Bagyaraj (1989) have 
observed that rock phosphate applied at 100 ppm, P level resulted in more infective 
propagules o{ Glomus fasciculatum compared to bone meal and superphosphate fertilizers 
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(Clarke and Mosse, 1981). The long term application of superphosphate fertilizer (15 years 
of 150kg P/ha/yr) enhanced the population of arbuscular mycorrhizal endophytes (Porter ct 
ai, 1978). Contrary to the above, it has been found that irrespective of P levels the AM 
fimgi do not differ significantly in their capacity to infect the roots (Weber and Amorim, 
1994; Fay et al, 1996). The percentage of mycorrhizal infection and number of hyphal 
entry points increased with increasing level of N and P fertilization upto 40 mg N/kg of 
soil+60 mg P/kg of soil in sunflower plants (Mehrotra and Baijal, 1994). The mycorrhizal 
colonization increased with increased shoot P:N ratio (Mehrotra and Baijal, 1994). 
Hepper (1983) reported increased colonization by Glomus mosseae in lettuce roots 
at three P level, with increasing NO3 concentrations. In the present study disease 
development and root galling of M. incognita females were significantly reduced by AM 
fungus. The addition of all the three fertilizers reduced the root-knot disease. Due to 
interaction, the adverse effect of the nematode has been reduced and the plant growth and 
nutrient status got improved. Reduction in the nematode population in the higher doses of 
urea has been observed by Miller et al. (1968), Singh and Sitaramaiah (1971), Sinclair 
(1975) and Akther et al., (1998). However, the results are at variance with those of Ross 
(1959), who reported an increase in the nematode population of Heterodera glycine, with 
increasing dosage of nitrogen. The adverse effect of urea on nematode might be due to 
toxicity of ammonium ions released during degradation (Eno etal, 1955; Oteifa, 1955 and 
Vasallo, 1967) and partly due to the formation of some complex with certain soil 
components (Norton, 1978). Increased dosage of potassium fertilizers has been found to 
overcome, the damaging effect of M incognita on limabean (Oteifa, 1952). In a recent 
study, Ahmed et al. (1991) has reported that all fertilizers reduce the nematode population 
except potassium sulphate in which the population reduction is evident at the higher dose 
(200g/pot). Khan and Khan (1995) also have found that application of NPK fertilizers 
showed great improvement in plant growth when infected with either M. incognita I 
Fusarium solani. An increase in N and P reduces the reproduction factor and the numbers 
of nematode galls, where as increase in the dose of K enhanced the reproduction factor and 
galls of A/, incognita. 
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Plants infected with AM fungus contained in general, higher N, P and K content at 
the different doses of N, P and K fertilizer alone and in combination which indicates the 
involvement of AM fungi in improving the nutrient (N, P and K) uptake. The improved 
nutrient status in plants indicates that mycorrfaizal infection by G. fasciculatum increases 
with increase in the nutrient uptake in the plants also by enhancing the root nodulation of 
chickpea. Similar results were also observed by Bhandal et al. (1989) on pea and 
Sivaprasad and Rai (1987) on pigeonpea by G. fasciculatum. Smith (1986) has also 
observed the maximum root colonization by AM fungi in onion root at higher P:N ratio 
(0.13) and the minimum at lower P:N ratio (0.05). The presence of AM fungi in the plant 
roots may result in an attraction in root exudates (Graham et al, 1981). Mycorrhiza 
induced reduction in root exudation has been correlated with the reduction of soil-bome 
diseases by Graham and Menge (1982). Schoenbeck (1979) postulated that AM fungi 
indirectly induce changes in host tissue. Increase in the bacteroidal area of nodule tissue 
(Sivaprasad and Rai, 1987) amino acids (Baltruschat and Schoenbeck, 1972 a, b), sugars 
(Safari, 1968) phenolic compounds (Dehne and Schoenbeck 1979 Krishna and Bagyaraj, 
1983) and enzyme activity (Dehne et al, 1978; Bhandal et al, 1989) in roots of 
mycorrhizal plants have been observed and interpreted as the possible reasons for checking 
of disease development on mycorrhizal plants. Enhancement of the plant tolerance also 
seems to be the most likely contribution of AM fungi towards nullifying the damage caused 
by nematode as has been demonstrated in cotton by Roncadori and Hussey (1977) and in 
soybean by Schenck et al, (1975). Tolerance may be the principal type of protection, 
mycorrhizal fungi offer to plants against plant parasitic nematode primarily by stimulating 
plant growth through improved nutrition (Hussey and Roncadori, 1982). 
Fertilizer (N,P and K) have stimulatory effect on plant growth is evident from 
several studies (Fabig et al, 1989, Zaghloul et al, 1996; Singh, 1996), and the information 
about mycorrhizae nematode interaction is very limited. The present study suggests that 
NPK fertilizer may check the root-knot disease development and improve the number of 
nodules and mycorrhizal infection in plants. 
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SUMMARY 
The effect of arbuscular mycorrhizal fungi and N, P and K fertilizers on penetration, 
development and reproduction by Meloidogyne incognita on chickpea was studied in the 
glasshouse with the objective to examine colonization of Cicer arietinum at a range of N, P and K 
levels. The following results were obtained 
EXPEMMENT-I 
1. Growth 
This experiment was conducted under P and K limiting condition. All the plants showed poor 
growth in soil not amended with N, regardless of mycorrhizal and nematode status. Plant growth 
increased significantly with the addition of N over the control particularly at higher N levels. M. 
incognita significantly suppressed the growth of the host. G. fasciculatum on the other hand, 
significantly increased the plant growth even in the presence of M incognita compared to control. 
2. NPK requirement and Nutrient status 
The interaction effect was found to be significant. The control plants required 500 mg 
N/kg soil to attain the maximum growth, whereas mycorrhizal plants required only 250 mg N/kg 
soil. The nitrogen, phosphorus and potassium content of the plants increased as soil N increased 
fi-om 0 to 1000 mg N/kg soil. The N content exhibited significant increase with different N 
levels. M. incognita suppressed the N, P and K content. 
3. Mycorrhization 
Glomus fasciculatum improved the N, P and K contents and mycorrhization, while M. incognita 
suppressed the mycorrhization. In combination with all the three fertilizers (N+P+K) 
mycorrhization increased significantly. 
4. Nodulation 
Meloidogyne incognita reduced the number of nodules, while G. fasciculatum in combination 
with all the three fertilizers (N+P+K) improved the same. 
5. Root-knot disease 
Glomus fasciculatum suppressed the root-knot nematode development. The plants grown 
in soil supplied with different nitrogen levels (250, 500 and 1000 mg N/kg soil) reduced all the 
considered root-knot disease parameters. In soil amended with different nitrogen levels, root-
knot disease parameters were significantly affected by G. fasciculatum. 
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EXPERIMENT-II 
1. Plant growth 
The plant growth was significantly increased at 100 mg P/kg soil and above, compared to 
control, the maximum occurring at 200 mg P/kg soil level. In the plants treated with different 
levels of P, the plant growth was enhanced by G. fasciculatum, but M. incognita caused 
suppression. 
2. N P K requirement and nutrient status 
Out of the three elements (N,P and K), the P content in plants increased due to P 
application, which was significantly influenced by G. fasciculatum, M. incognita and phosphorus 
interaction. 
At a given P level, the requirement of P was less under G. fasciculatum and in the 
combination of G. fasciculatum + M. incognita the required amount happened to be 100 mg P/kg 
soil. 
3. Mycorrhization 
The rate of mycorrhization increased at the lower levels of P (100, 200 mg P/kg soil) but 
at higher level of P (i.e. 400 mg P/kg soil) the mycorrhizal colonization was reduced. 
4. Nodulation 
The number of nodules increased with the different levels of P. G. fasciculatum increased 
the number of nodules while M. incognita suppressed it. 
5. Root-knot disease 
Nematode population in soil and root and root galling were significantly reduced at the 
higher soil P application (i.e. 400 mg P/kg). G. fasciculatum suppressed all the considered root-
knot disease parameters. 
EXPERIMENT-III 
1. Plant Growth 
Under N-P limiting condition, addition of K increased plant growth, being maximum at 
800 mg K/kg soil in the control plants. In the mycorrhizal plants, K application caused 
favourable effect on the plant growth. The requirement of the K is reduced in the mycorrhizal 
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plants as the growth was significantly increased at the lower level (200 mg/kg soil) of K. M. 
incognita drastically reduced the plant growth parameters compared to control while G. 
fasciculatum significantly increased the growth of host plants irrespective of the presence or 
absence of M incognita. Application of K did not improve the growth in the presence of M. 
incognita. 
2. N P K requirement and Nutrient status 
Application of K significantly increased the K content at higher level (400 mg K/kg soil). 
G. fasciculatum improved the P content significantly compared to control and K content 
comparable to M. incognita treatment. 
3. Mycorrhization 
The mycorrhizal infection significantly improved at the level of 200 and 400 mg K/kg 
soil, but at higher level of K, the mycorrhization was significantly reduced. 
4. Nodulation 
The number of nodules significantly increased upto the level of 400 mg K/kg soil. 
5. Root-knot disease 
The root-knot disease was significantly improved at 200 and 400 mg /kg soil, but at 
higher level, the nematode population in root and soil was almost the same as found at 400 mg 
K/kg. 
EXPERIMENT-IV 
1. Plant growth 
It was found that M. incognita suppressed the plant growth compared to control. G. 
fasciculatum irrespective of the presence or absence of M incognita significantly enhanced the 
plant growth. Among the nitrogen (urea), phosphorus (single super phosphate) and potassium 
(murate of potash) fertilizers, applied (at recommended dose), selected from experiment IV-A, 
IV-B and IV-C singly or in combination showed that application of all three fertilizers in 
combination caused maximum improvement in plant growth characteristics. Application of any 
two fertilizers improved the plant growth compared to those which received only one fertilizer. 
The effect of fertilizers was more prominent in the mycorrhizal plants in the absence or presence 
of M incognita compared to control. 
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2. N P K requirement and Nutrient status 
The N, P and K contents of the host plant were reduced by M. incognita while C. 
fasciculatum improved the same. A particular nutrient in the plant increased with inclusion of 
that element in fertilizer dose. 
3. Mycorrhization 
Inoculation of M. incognita caused significant reduction in mycorrhization. 
Mycorrhization increased, when the three fertilizers (N+P+K) were used in combination. The 
mycorrhization parameters increased in the presence of P. 
4. Nodulation 
Maximum increase in the number of nodules were observed when all the three fertilizers 
were used in combination with G. fasciculatum. 
5. Root-knot disease 
All the root-knot disease parameters were reduced in the mycorrhizal plants. The 
maximum reduction was recorded in the root-knot disease development, by the application of all 
the three fertilizers in combination in both mycorrhizal and non-mycorrhizal plants followed by 
the treatment where both N and K were applied together. 
SECTION V 
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SECTION V 
An interaction study of the arbuscular mycorrhizal fungus (AM fungi), Glomus 
fasciculatum a biocontrol agent, Paecilomyces lilacinus and the root-knot 
nematode Meloidogyne incognita on chickpea. 
INTRODUCTION 
Chickpea (Cicer arietinum L.) one of the most important pulse crops of India, is 
susceptible to root-knot nematode, Meloidogyne incognita (Kofoid and White) Chit^ '^ood. 
It is one of the serious constraints for the successful cuhivation of this crop. Plant parasitic 
nematodes alter the establishment of rhizobia on or around root of legumes (Huang 1987). 
The presence of rhizobia in the rhizosphere is also likely to protect the host root from 
damages caused by pathogens. The activities of root or rhizosphere AM fungi and 
sedentary endoparasitic nematode, M incognita exerts a characteristic but opposite effect 
upon plant vigour. The obligate symbiotic endomycorrhizae can stimulate the plant 
development (Rich and Bird, 1974), whereas the root-knot nematode is a pathogen that 
suppresses plant growth (Sasser, 1972). Several investigations have shown that AM fungi 
can markedly alter plant response to plant parasite nematodes (Hussey and Roncadori, 
1982). There is an increasing evidence that under various environment conditions, the 
adverse effect of plant parasitic nematodes can be partially alleviated by the presence of 
AM fungal association (Hussey and Roncadori, 1978; Sikora, 1979). On the other hand, 
there are many reports where nematode population remain unaffected (O'Barmon et al. 
1979; O'Barmon and Nemec, 1979) or even stimulated under the influence of mycorrhizal 
association (Atilano et al, 1981). The beneficial effect of mycorrhizal fungi on the 
nematode susceptible plant offset the damage caused by M. incognita (Bagyaraj et al.. 
1979; Hussey and Roncadori, 1982 and Saleh and Sikora, 1984), Paecilomyces lilacinus 
(Thom), Samson has world wide distribution and is considered to be important as a 
biocontrol agent of root-knot and cyst nematodes (Jatala, 1986; Jimenez and Gallo, 1988; 
Reddy and Khan, 1989; Noe and Sasser, 1995 and Siddiqui and Mahmood, 1995). 
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In the present study an attempt has been made to use Glomus fasciculatum, P. 
lilacinus alone and in combination for the management of M incognita on chickpea both in 
presence and absence ofRhizobium sp. 
MATERIALS AND METHOD 
Raising and Maintenance of Paecilomyces lilacinus culture 
Inoculum of Paecilomyces lilacinus was obtained from a culture center of lARI, 
New Delhi, India. Fungal inoculum was further raised on Richard's liquid medium (Riker 
and Riker, 1936) having the following composition: 
Potassium nitrate 10 g 
Potassium dihydrogen phosphate 5 g 
Magnesium sulphate 2.5g 
Ferric chloride 0.02g 
Sucrose 50 g 
Distilled water 1000 ml 
The medium was prepared, filtered through muslin cloth and sterilized in an 
autoclave at 15 lb pressure for 15 minutes in 250 ml Erleimieyer flasks each containing 80 
ml of liquid medium. Small bits of the fungal myceUum were transferred to these conical 
flasks. Inoculated flasks were incubated at 28 ± 2° C for about 15 days to allow fungal 
growth to be used for further studies. Pure culture was continuously maintained in the test 
tubes by re-inoculation of the fimgus after every 15 days. 
Preparation of P. lilacinus inoculum 
After incubating the flasks for about 15 days, the liquid medium was filtered 
through Whatman filter paper No. 1, the mycelial mat washed in distilled water to remove 
the traces of medium and gently pressed between the folds of blotting paper to remove the 
excess amount of water. Inoculum was prepared by blending one hundred g mycelium in 
1000 ml of sterilized distilled water for 30 seconds in a waring blender (Stemerding, 1964). 
Thus each 10 ml of this suspension contained 1.0 g of fungus. 
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Inoculation of/^ lilacinus 
Each 10 ml of the suspension prepared as above containing 1 g of the fungus 
mycelium was used as inoculum. Preliminary experiments showed that this quantity of the 
fungus inoculum was effective in producing the reasonable amount of infection and 
increasing growth of plant (Siddiqui and Mahmood, 1992). 
Unless stated otherwise, one-week-old seedling were inoculated with 1 g fungus 
through out the course of this investigation. 
Feeder roots of seedling, just before inoculation, were exposed by carefully 
removing the top layer of soil and required quantity of fungus inoculum was poured 
uniformly all around the exposed root using a sterilized pipette. Exposed roots were 
immediately covered by the soil properly. AM fungus, Glomus fasciculatum and root-knot 
nematode, Meloidogyne. incognita, used as inoculants were maintained as already 
described in section III. An inoculum of G. fasciculatum was prepared on Chloris gayana 
(Rhode's grass). The population of G. fasciculatum in the inoculum was assessed by the 
most probable number method (Porter, 1979). Fifty grams of inoculum with soil was added 
around the seedling to inoculate 800 infective propagules of G. fasciculatum per plant. For 
inoculation of M incognita, the top soil layer around the root was removed carefully so that 
the root was not damaged. The suspension of 1000 freshly hatched juveniles of nematodes 
per plant was poured around the root and the soil was replaced to its former condition. 
Plant culture was processed as described earlier in section II. In case of control pots, a 
volume of water and soil equal to that of the inoculum suspension was applied in the same 
way. There were two sets of experiments, Viz., in one set, seeds were treated with root 
nodule bacterium Rhizobium sp. While in other set seeds were without root nodule 
bacterium. In each set there were eight treatments in which four were inoculated with 
biocontrol agents without nematodes and rest were inoculated with biocontrol agents and 
nematode . The treatment of biocontrol agents were as follows: 
1. control 
2. P. lilacinus (PL) 
3. G. fasciculatum {GV) 
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4. PL + GF 
The treatment of biocontrol agents with nematodes were as follows: 
5. Nematodes (N) 
6. PL + N 
7. GF + N 
8. PL+GF+N 
In total there were Sixteen treatments in which 8 were having root nodule bacterium 
Rhizobium sp. while 8 without Rhizobium sp. 
A control, not treated with G. fasciculatum and P. lilacinus both the biocontrol 
agents and nematode was also included. In total there were 16 treatment schedules each 
having five replicates. Data collected on all the parameters described in the previous section 
was also recorded in this section with the following additional parameters i.e., reisolation of P. 
lilacinus from M incognita females and eggs. 
Reisolation of P. lilacinus 
Pacilomyces lilacinus was reisolated from females and eggs of M incognita to determine the 
infection of P. lilacinus on root-knot nematode. For reisolation, 20 females and similar 
number of eggs collected from the treatments which received the fungus, were surface 
sterilized with 0.1% mercuric chloride for 2 minutes, washed three times in steriUzed distilled 
water and placed on potato dextrose agar medium. The plants were incubated for 15 days at 
28 ± 2° C. Any fungus growing out from the females and eggs was isolated and identified. 
Data obtained were analysed statistically and critical difference were calculated at P = 0.05 as 
already described in the previous section III (Appendix F). 
RESULTS 
EfTect of biocontrol agents in tiie absence of Rhizobium 
Growth characteristics 
Plant length 
The inoculation of P. lilacinus and G. fasciculatum alone and in combination caused a 
significant increase in plant length compared to control (Table 46). The plants inoculated with 
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G. fasciculatum alone resulted in greater plant length than the plants inoculated with P. 
lilacinus. The combined inoculation of both biocontrol agents {P. lilacinus + G. fasciculatum 
) resulted in the highest plant length compared to others (Figure 11). The inoculation of M. 
incognita caused a significant reduction in plant length compared to control. Inoculation of/'. 
lilacinus exhibited a significant increase in the plant length over those inoculated with M. 
incognita. G. fasciculatum caused improvement in the plant length in the presence of M. 
incognita but this increase proved to be insignificant compared to the control. The combined 
inoculation P. lilacinus and G. fasciculatum along with M incognita showed significant 
improvement in plant length compared to plant treated with nematode alone as well as the 
control. 
Plant fresh weight 
Plants inoculated with P. lilacinus did not show significant increase in fi"esh weight of 
the plant compared to control. Addition of G. fasciculatum supported greater amount of fi-esh 
weight compared to ones inoculated with P. lilacinus as well as control plants. The greatest 
increase in fi-esh weight was recorded in the plants inoculated with both biocontrol agents 
together. Plant fi-esh weight significantly declined in the presence of M. incognita. 
Inoculation of P. lilacinus and G. fasciculatum alone as well as in combination caused a 
significant improvement in fi-esh weight of the plant inoculated with M incognita alone (Table 
46). However, this improvement in fi-esh weight was significant only in the plants treated with 
both the biocontrol agents compared to the control plants (Figure 11). 
Plant dry weight 
Plant dry weight depicted almost a similar trend of results as in case of plant fi-esh 
weight (Table 46). However, the inoculation of P. lilacinus and G. fasciculatum alone or in 
combination caused significant improvement in the dry weight of the plant compared to ones 
inoculated with nematode alone (Figure 11). No significant difference in dry weight was 
observed in plants inoculated with P. lilacinus or G. fasciculatum as well as control plants. 
Nutrient status 
Effect of P. lilacinus and G. fasciculatum alone and in combination was significant on 
per cent nitrogen, phosphorus and potassiimi contents of chiclq)ea plant in the absence of M. 
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1 2 3 4 5 6 7 8 
1 - Control, 2 - PI, 3 - Gf, 4 - Pl+Gf, 5 - Mi, 6 - Pl+Mi, 7 - Gf+Mi, 8 - PI+Gf^ Mi 
IA - Without Rhizobium H B - With Rhizobium 
Figure 11. Effect of AM fungus. Glomus fasciculatum (Gf), biocontrol agent, 
Paecilomyces lilacirms (PI) on root knot nematode, Meloidogyne incognita 
(Mi) in the presence and absence of Rhizobium on chickpea. 
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incognita. Highest N, P and K contents of chickpea plant was recorded in the plants 
inoculated with P. lilacinus and G. fasciculatum simultaneously (Table 46). However, the 
highest reduction in per cent N, P and K contents of the plant was observed in plants 
inoculated with M incognita (Figure 12). Addition of P. lilacinus to the plants inoculated 
with M. incognita caused significant increase in the per cent N and P and K contents 
comparable to the plants inoculated with M incognita alone. G. fasciculatum caused greater 
improvement in the nutrient contents than P. lilacinus. Highest increase in the nutrient 
contents was noted in the plants inoculated with P. lilacinus and G. fasciculatum in 
combination both in uninoculated and inoculated M. incognita plants (Table 46). 
Mycorrhization 
Mycorrhizal root colonization was 55% when G. fasciculatum was inoculated alone. 
P. lilacinus caused additive effect on the root colonization of chickpea by G. fasciculatum. M. 
incognita caused significant reduction in root colonization by AM fimgi as compared to the 
plants inoculated with G. fasciculatum alone (Figure 13). However, the adverse impact of the 
M incognita on the root colonization was eliminated to a large extent, as G. fasciculatum and 
P. lilacinus was inoculated together, and associated with this, root colonization exceeds to 
55% compared to the plants inoculated with G. fasciculatum alone (Table 46). 
Nodulation 
The data in the table 46 show that plants without Rhizobium have very poor nodulation. 
P. lilacinus did not cause any significant increase in the nodules of the plants. The number of 
nodules was significantly improved in the plants inoculated with either G. fasciculatum alone 
or with P. lilacinus + G. fasciculatum. Nodulation was reduced to a significant level in the 
plants inoculated with M. incognita . P. lilacinus did not affect the nodulation of chickpea 
plants to any significant level compared to the plants infected with M. incognita. Inoculation 
of G. fasciculatum alone as well as in combination with P. lilacinus even after inoculated with 
M incognita resulted in an increase in the number of nodules (Figure 13). However, this 
increase was not significant when compared to uninoculated control (Table 46). 
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:S 0.4 
1 - Control, 2 - PI, 3 - Gf, 4 - Pl+Of, 5 - Mi, 6 - Pl+Mi, 7 - Gf+Mi, 8 - Pl+Gf+Mi 
IA - Without Rhizobium ^ | B - With Rhizobium 
Figure 12. Effect of AM fungus. Glomus fasciculatum (Gf), biocontrol agent, 
Paecilomyces lilacimts (PI) on root knot nematode, Meloidogyne incognita 
(Mi) in the presence and absence of Rhizobium on chickpea. 
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1 - Control, 2 - PI, 3 - Gf, 4 - Pl+Gf, 5 - Mi, 6 - Pl+Mi, 7 - Gf+Mi, 8 - Pl+Gf+Mi 
IA - Without Rhizobium ^ B B - With Rhizobium 
Figure 13. Effect of AM fungus, Glomus fasciculatum (Gf), biocontrol agent, 
Paecilomyces lilacimis (PI) on root knot nematode, Meloidogyne incognita 
(Mi) in the presence and absence of Rhizobium on chickpea. 
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Root-knot disease 
Highest numbers of galls and highest soil and root populations of the nematode 
were observed in plants which were inoculated with M incognita alone (Figure 13). 
Inoculation of P. lilacinus resulted in an acute reduction in galling and nematode 
population both in soil as well as in root and these reductions were more pronounced in 
plants having both the biocontrol agents along with the M. incognita (Table 46). 
Isolation of P. lilacinus 
The parasitism of the eggs and females of M. incognita was further increased to 
48% and 80% when P. lilacinus and G. fasciculatum were applied together along with M. 
incognita. The simultaneous inoculation of P. lilacinus and G. fasciculatum reduced the 
parasitism of females and eggs of M. incognita by P. lilacinus and with this effect, the 
percentage infection of the females and eggs showed an increase to 44% and 75% 
respectively (Table 46). 
Effect of biocontrol agents in the presence of Rhizobium 
Growth characteristics 
Plant length 
The inoculation of P. lilacinus and G. fasciculatum alone or in combination 
promoted the length of the chickpea plant in the presence of Rhizobium to a highly 
significant level than in its absence (Table 47). Inoculation of the Rhizobium either with P. 
lilacinus or with G. fasciculatum supported a greater plant length than plants treated with 
Rhizobium alone. Addition of Rhizobium to the M incognita inoculated plant caused 
significant increase in the length compared to one inoculated with M. incognita alone. 
Inoculation of P. lilacinus and G. fasciculatum alone and in combination enhanced the plant 
length significantly in the M incognita inoculated plants in the presence of Rhizobium 
(Figure 11). However, the greatest increase in the length was observed in the nematode 
infected plants when both P. lilacinus and G. fasciculatum was inoculated together in the 
Rhizobium. 
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Plant fresh weight 
Data in the table 47 show that Rhizobium treated plants caused significant increase 
in the fresh weight compared to uninoculated control. Inoculation of P. lilacinus alone did 
not show significant effect on fresh weight of the plants compared to plants treated with 
Rhizobium alone. G. fasciculatum alone or in combination with P. lilacinus did support a 
significantly better fresh weight than Rhizobium alone. The adverse effect of M. incognita 
was reduced to a significant level in the presence oiRhizobium than in its absence (Figure 
II). The fresh weight was further increased with the addition of P. lilacinus and G. 
fasciculatum alone or in combination in the presence of Rhizobium in M. incognita infested 
plants. However, the highest increase was noted in the plants inoculated with P. lilacinus + 
G. fasciculatum + M. incognita in the presence oiRhizobium (Table 47). 
Plant dry weight 
The data on plant dry weight revealed almost a similar trend of results as in the case 
of plant fresh weight (Table 47 and Figure 11). 
Nutrient contents 
The presence oi Rhizobium improves the nutrient content of the plants. Addition of 
P. lilacinus and G. fasciculatum, in general resulted in improved N, P and K contents of the 
plants both in plants inoculated and uninoculated with M. incognita in the presence of 
Rhizobium compared to the plants without Rhizobium. The reduction in N, P and K 
contents caused by M. incognita was also reduced in the presence of Rhizobium. 
Improvement in N, P and K content by the addition of P. lilacinus and G. fasciculatum was 
generally greater in the presence of Rhizobium than in its absence (Figure 12). The highest 
increase in N, P and K contents was noted in the plants inoculated with both biocontrol 
agents together, in the presence of Rhizobium (Table 47). 
Mycorrhization 
The data presented in Table 47 show that when G. fasciculatum was inoculated in 
the presence of Rhizobium, percentage root colonization of chickpea pants was significantly 
increased as compared to plants not treated with Rhizobium. The percentage root 
colonization was increased further in the treatments inoculated with G. fasciculatum plus P. 
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lilacinus. M. incognita, however, caused significant reduction in root colonization by G. 
fasciculatum, irrespective of the presence of Rhizobium (Figure 13). The adverse impact of 
M incognita was alleviated to a greater extent in the plants inoculated with G. 
fasciculatum, P. lilacinus and Rhizobium simultaneously. 
Nodulation 
Nodulation was higher in plants inoculated with Rhizobium compared to 
uninoculated ones (Figure 13). The application of P. lilacinus and G. fasciculatum 
exhibited significant increase in the nodules of the plant in the presence of Rhizobium. 
Combined application of G. fasciculatum and Rhizobium caused greater increase in the 
nodulation than P. lilacinus plus Rhizobium. Nodule number was promoted to the 
maximum when G. fasciculatum and P. lilacinus were employed together in the Rhizobium 
treated plants. The lowest number of nodules was recorded in the plants treated with M. 
incognita alone. Inoculation of G. fasciculatum and P. lilacinus caused beneficial effect on 
the nodule formation and as a result nodulation was increased significantly compared to the 
plants inoculated with M. incognita alone. However, the highest increase in nodulation was 
observed in the nematode inoculated plants, where G. fasciculatum and P. lilacinus had 
been introduced in the presence of Rhizobium (Table 47). 
Root-knot disease 
From table 47 it becomes clear that the maximum numbers of galls, root and soils 
nematode populations and the total population of the nematode were observed when plants 
were inoculated with Rhizobium alone. The root galling and nematode population both in 
soil and root significantly declined when P. lilacinus and G. fasciculatum were used either 
alone or in combination (Figure 13). The minimum number of galls and nematode 
population were recorded in the plants treated with both the biological agents in the 
presence of Rhizobium. The population depicted similar trends as in case of root and soil 
population of M incognita (Table 47). 
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Isolation of P. lilacinus 
P. lilacinus was isolated from 39% females and 65% from the eggs of M. 
incognita. The percentage infection of eggs and females of M incognita further increased 
when G. fasciculatum was used along with P. lilacinus in the presence of Rhizobium and 
associated with this, the percentage infection was raised to 43% and 70% from the females 
and eggs respectively (Table 47). 
DISCUSSION 
Most leguminous plants are symbiotic with nodule forming Rhizobium and arbuscular 
mycorrhizal fungi. Rhizobium fixes nitrogen which benefits plant growth, while 
mycorrhizal fungi benefit the host by increasing the efficiency of uptake of minerals and 
water from the soil as well as altering the metabolism of host (Tilak 1985). Roslycky 
(1967) reported the production of 'bacteriocin' from rhizobial bacteria and plants inoculated 
with Rhizobium suffer less damage from pathogen than the uninoculated plants (Siddiqui 
and Husain 1992; Siddiqui and Mahmood, 1994a). 
Meloidogyne incognita a plant parasitic nematode, causes severe damage to plants. 
The above ground symptoms are similar to those appearing on any other host with damaged 
and malfunctioning root systems, which include suppressed plant growth, chlorosis and 
reduced yield (Oteifa,1952). Roots develop characteristic galls, formed under the influence 
of the nematode which resultes in impaired absorption and translocation of nutrient in 
nematode infected plants. The possible mechanisms of development of such symptoms 
have been reviewed by Myugu (1966), Owens and Specht (1956) and Meon et al, (1978). 
Restricted water flow in infected plants has been observed due to disruption and 
development of abnormal vessel elements caused by nematode (O' Bannon and 
Reynolds, 1965; Meon et al, 1978). Roots infected by Meloidogyne show reduced rate of 
photosynthesis in the infected plants (Loveys and Bird, 1973). Attack of root-knot 
nematodes on several crops result in reduction in plant growth and yield (Sasser, 1980; 
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Sasser and Carter, 1982). Reduced plant growth is reflected in nitrogen, phosphorus and 
potassium contents of the plants. 
The mycorrhizal fungus G. fasciculatum improved the plant biomass, nutrient 
content and growth of nematode in inoculated and uninoculated plants. A similar result has 
been earlier reported by Diedrichs (1987), Carling et al. (1989) Osman et al (1990) on 
chickpea, soybean and bean respectively. The improved growth response in mycorrhizal 
plants may be explained as a possibility due to improved nitrogen, phosphorus and 
potassium contents. Increased uptake of phosphorus, nitrogen and potassium is not the only 
effect of AM fungi on plant growth, but they also stimulate plant uptake of zinc, copper, 
sulphate, potassium and calcixmi although not as markedly as phosphorus (Cooper and 
Tinker, 1978). Mycorrhizal infection can improve the phosphorus nutrition of the host, 
and absorbed phosphorus is probably converted into polyphosphate granules in the external 
hyphae (Callow et al, 1978) and passed to the arbuscules, for transfer to the host (White 
and Brown, 1979). The mycelial network in mycorrhizal plants enables them to extract 
phosphorus from places beyond the zone of low concentration around the root (Jakobsen et 
al. 1992). The organic and inorganic phosphorus sources in soil are normally unavailable 
to non mycorrhizal plants (Powell, 1979). Improved phosphorus nutrition decreased 
membrane permeability which reduces root exudation (Graham et al, 1981). 
Presence of G. fasciculatum adversely affect the nematode population in both soil 
and root, number of egg masses per root system and root galling of M. incognita. 
Reduction in the root knot disease may be possibly due to improved nutrient status and 
plant growth which may have induced resistance against, nematode juvenile penetration, 
rate of multiplication, egg mass production and gall formation, in sequential inoculation. 
Price et al, (1989) also recorded significantly lower amount of nematodes per gram of root 
in mycorrhizal plants with nematode than nonmycorrhizal plants, and also the highest 
levels of nitrogen, sodium, phosphorus, potassium and iron in mycorrhizal plants. 
Mycorrhizal induced decrease in root exudation has been correlated with the reduction of 
soil-borne diseases (Graham and Menge 1982). Additionally beneficial effects on plant 
growth and nutrient status by G. fasciculatum, probably make the chickpea plant more 
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resistant to nematode attack and may have caused an inhibition of juvenile penetration, and 
their development which subsequently reduced number of nematodes, egg mass production 
and gall formation. AM fungi have been known to increase tolerance towards nematode 
(Mengel and Krikby 1979; Schenck et al. 1975) and reduced symptoms of nematode 
diseases (Hussey and Roncadori, 1982). Plants inoculated with G. fasciculatum and M. 
incognita showed greater plant growth and reduced disease severity than non-mycorrhizal 
plants. Probably, preoccupation of chickpea plants with AM fungi may cause complex 
physiological and biochemical changes in the root, and reduce the root exudation which 
hinders the nematode infection. The increase in amino acids, sugars, phenolic compounds 
and ervzymes in the roots of mycorrhizal plants have been observed (Safir, 1968; 
Baltruschat and Schoenbeck, 1972a, b; Dehne et al, 1978 and Dehne and Schoenbeck, 
1979). Root tissues colonized first by the AM fungi physically exclude a pathogen 
competing for the same infection site. High chitinase activity of the mycorrhizal tissue 
inhibits the growth of the pathogens competing for same infection site. The competition for 
food and space has also been suggested by the O' Bannon and Nemec (1979) as a possible 
reason for checking the nematode. Similar results were obtained earlier by Cooper and 
Grandison, (1986 and 1987), while working on tomato and tamarillo respectively, Mishra 
(1996); Sundarababu et al. (1996); Mishra and Shukla (1997) on tomato and Butool and 
Haseeb (1996) working on Egyptian henbane. There is ample evidence that nematode 
infestation is checked if mycorrhizal colonization is present before they were able to infest 
the plant than the simultaneous inoculation or nematode preceding mycorrhizae (Suresh 
and Bagyaraj, 1984; Smith et al, 1986). Smith et al (1986) observed that mycorrhizal 
effects on M. incognita are more pronounced when cotton plants are inoculated with G. 
intraradices 28 days before the addition of the nematode. The results are in agreement with 
Jain and Hasan (1987, 1988) who have also reported low incidence of root-knot nematode 
in roots of crops like gram, cowpea and pigeonpea. Sitaramiah and Sikora (1982) have 
observed that inoculation of tomato transplants, or the seedbed with G. fasciculatum 
significantly reduced juvenile penetration, number of egg/egg sac. Inoculation of G. 
fasciculatum also suppressed the population of nematode and increased the host plant 
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^owth. Suppressed root-knot disease and the plant growth stimulation by AM fungi have 
been observed in a number of studies on common bean, tomato, banana, pea, cowpea and 
citrus (Hussey and Roncadori 1982; Elliot et al, 1984; Suresh et al. 1985; Jain and Sethi, 
1988; Umesh et al, 1988; Osman et al, 1990 and Sivaprasad et al, 1990). Mycorrhizal 
infection parameters are affected by M. incognita to a considerable extent. Reduced 
mycorrhizal infection and development in the presence of endoparasitic nematode has also 
been recorded by a number of workers (Bird et al, 1974; Rick and Bird, 1974; Schenck and 
Kinloch, 1974; Iqbal and Gautam, 1995 and Sikora and Sitaramiah, 1995) on cotton, tomato 
and soybean. Root-knot disease caused by M incognita has been affected possibly by the 
physiological and biochemical changes associated with mycorrhizal colonization of roots. 
The attractiveness of the root system to M incognita larvae is altered by the presence of G. 
mosseae which results in the inhibition of growth of the nematode on G. mosseae colonized 
tomato roots (Sikora 1978). This shows that the AM fungi can alter the physiology of root, 
root exudation responsible for chemotactic attraction of the nematode, as reported by the 
number of workers in the past (Fox and Spasoff, 1972; Hussey and Roncadori, 1978; 
Sitaramiah and Sikora, 1980; Lingaraju and Goswami, 1993; Sikora and Schoenbeck, 1995 
and Sikora and Sitaramiah, 1995). Mycorrhization is often observed in the hypertrophied 
tissues of the root but no gall has been observed colonized by the AM flingus, even though 
proximal and distal portion of the roots contained the mycorrhizal structures as reported by 
others (Ruchle,1973 and Bird et al, 1974). This shows complex physiological and 
biochemical changes induced by the nematode directly or indirectly through host mediated 
effects and result in a less favourable environment for AM fungus consequently, galls 
become physiologically undesirable substrate for mycorrhizal synthesis (Ruchle, 1973). 
There are also some field observations relating to association of AM fungi to the infestation 
of endoparasitic nematode which indicates that the population of either organism result in 
low population of the other (Bird et al, 1974; Rick and Bird, 1974; Schenck and Kinlock, 
1974). 
Rhizobium adversely affected the nematode population both in soil as well as in roots of 
chickpea pants. Reduction in the root-knot disease may be possibly due to increase amount 
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of fixing nitrogen that result in improved plant biomass which may induce resistance 
against nematode juvenile penetration. Similar results were also recorded by Siddiqui and 
Mahmood (1997). The other possible reasons may be due to the production of toxic 
metabolites by root-nodule bacteria which is inhibiting to plant pathogens (Haque and 
Gaffar, 1993). Chakraborty and Chakraborty (1989) reported an increase level of 
phytoalexin from seeds bacterized with Rhizobium leguminosarum. Roslycky (1967) 
reported production of an antibiotic 'bacteriocin' from rhizobia. Barker and Huisingh 
(1970) observed necrosis in nodular tissue following invasion by nematode, which may 
account for reduced nematode development. Application of rhizobial bacteria which 
increase nitrogen and plant growth is reported to reduce disease severity on various crops 
(Siddiqui and Mahmood, 1994,1995,1997,1999) 
Treatment with P. lilacinus improved growth of nematode infected plants by reducing 
root-knot disease. P. lilacinus parasitized female and eggs of M incognita which result in 
better plant growth and nutrient contents of M incognita inoculated plants. The parasitism 
of females and eggs is further enhanced when P. lilacinus, Rhizobium and G. fasciculatum 
are used together against nematode inoculated plants. Nematode population, eggmass 
production and root galling of nematode show significant reduction, in the presence of P. 
lilacinus in chickpea plant. Parasitism of P. lilacinus results in lowering of the root-knot 
disease and inoculum potential of nematode. Jiminez and Gallo (1988) found that P. 
lilacinus under glasshouse condition, infect eggs and sometimes the females of M. 
incognita, M. javanica, and M. arenaria. Sharma et al. (1989) stated that P. lilacinus as a 
biocontrol agent of M. incognita, acts better than any commonly used nematicide under 
field infestation. Similar results have also been obtained by Khan and Esfahani (1989), and 
Cameiro et al. (1991). Eggs of Globodera pallida on potato roots were infected and 
declined, due to increased infection of eggs by P. lilacinus (Jatala et al, 1981). The 
parasitism of P. lilacinus has been observed to be initiated with the growth of fungus 
hyphae in the gelatinous matrix and hyphae penetrate the female through anus. P. lilacinus 
is known to produce B (1-3) gluconase (Domsch et al, 1980), chitinase (Okafor, 1967) 
extracellularly which are the key enzymes and antibiotics might also be responsible for the 
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suppression in the root-knot disease development. Simultaneous inoculation of both 
biocontrol agents P. lilacinus and G. fasciculatum and the nematode pathogen has been 
found to be more effective in stimulating plant growth and reducing root-knot disease. P. 
lilacinus has been found to be effective in reducing populations of Meloidogyne spp., 
Globodera spp., Tylenchulus semipenetrans. Nacobbus spp., Rotylenchulus reniformis., 
Pratytenchus spp. Radopholus similis and Heterodera cajani on various crops (Jalata, 
1986; Novaretti et al, 1986; Maheswari and Mani, 1988; Reddy and Khan, 1988; Siddiqui 
and Mahmood 1993 and Sosamma et al, 1994). 
Combined application of G. fasciculatum with P. lilacinus interacted positively in 
Rhizobium treated seeds, causing greater improvement in the considered parameters of 
growth compared to the individual inoculation of P. lilacinus. It appears that the P. 
lilacinus and G. fasciculatum in combination render Rhizobium treated chickpea plants 
more resistant to M incognita attack, and is more beneficial in reducing damage caused by 
the root-knot nematode than their individual inoculation. Reproduction of M incognita in 
terms of nematode population in roots and root galling is greatly suppressed in chickpea 
plants due to positive interaction of both the organisms. Sharma and Trivedi (1997) 
observed that combined effect of the mycorrhizal fungi and P. lilacinus gives the 
maximum reduction in nematode galls. According to Al-Raddad and Ahmad (1995), 
inoculation of tomato plant with G. mosseae and P. lilacinus together or separately in the 
presence of chicken layer manure completely inhibited the root infection by M javanica. 
Dube and Smart (1987) have found that nematode control is more effectively obtained 
when both organisms, a fungus and a bacterium are applied together. Similar results have 
been recorded in case of M. incognita on tomato by Maheswari and Mani (1988), Zaki and 
Maqbool (1992), on brinjal and mungbean respectively and Siddiqui and Mahmood (1998) 
on tomato. 
Improved plant growth in the presence of G. fasciculatum and P. lilacinus 
individually or in combination favourably influence the mycorrhization of AM fungus and 
parasitism of eggs and females ofM incognita by P. lilacinus. 
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The results obtained in the present study clearly indicate that AM fungus G. fasciculatum, 
root nodule bacterium Rhizobium and a biocontrol agent P. lilacinus serve well to control the 
root-knot disease caused by M incognita by affecting every aspect of nematode development 
and promoting the host health and vigour. 
SUMMARY 
Arbuscular mycorrhizal fungus, Glomus fasciculatum and a biocontrol agent, 
Paecilomyces lilacinus were used for the management of root-knot disease caused by 
Meloidogyne incognita on Cicer arietinum L. var. Avrodhi in the presence and absence of 
Rhizobium spp. 
1. Parasitism of Af. incognita caused growth suppression, chlorosis in the infected plants. 
2. Non-mycorrhizal and unbacterized plants developed the symptoms earlier than 
mycorrhizal and bacterized plants. 
3. Plant growth (length, fresh and dry weights) and nutrient status (nitrogen, phosphorus and 
potassium contents) showed an increase in the presence of G. fasciculatum followed by 
Rhizobium and P. lilacinus, compared to former. Use of Rhizobium and G. fasciculatum 
was better for nodulation and plant growth. 
4. Inoculation of management agents prior to nematode proved better for the management of 
root-knot nematode. Use of G. fasciculatum, P. lilacinus in the presence of Rhizobium 
caused highest reduction in nematode multiplication and greater improvement in plant 
growth. 
5. Inoculation of M incognita had a negative effect on mycorrhization by G. fasciculatum. 
6. Presence of P. lilacinus produced favourable effect on mycorrhization efficiency when 
plants wee inoculated with G. fasciculatum prior to M incognita. 
LITERATURE 
CITED 
177 
LITERATURE CITED 
Abbott, L. K; and A. D. Robson 1977. The distribution and abundance of vesicular -
arbuscular endophytes in some Western Australian soils. Aust J. Bot. 25 : 515 - 522. 
Abbott, L. K. and A. D. Robson 1981. Infectivity and effectiveness of five 
endomycorrhizal fungi: Competition of indigenous fungi in field soils. Aust J. 
Agric. Res. 32 : 621 - 630. 
Abbott, L. K. and A. D. Robson 1982. The role of vesicular arbuscular mycorrhizal fungi 
in agriculture and the selection of fungi for inoculation. Aust J. Agric. Res. 33 : 389 
-498. 
Abbott, L. K. and A. D. Robson 1985. Formation of external hyphae in soil by four 
species of vesicular - arbuscular mycorrhizal fungi. New Phytol. 99 : 245 - 255. 
Abbott, L. K., A. D. Robson and C. Gazey 1987. Selection of inoculant VA mycorrhizal 
fungi. In: Mycorrhizae in the Next Decade. (Eds, Sylvia, D. M. L. L. Himg and J. 
H. Grahm). IF AS, University of Florida, Gaubesville, FL. pp 13 -14. 
Abbott, L. K., A. D. Robson and G. 'DeBoer 1984. The effect of phosphorus on the 
formation of hyphae in soil by the vesicular - arbuscular mycorrhizal fungus. 
Glomus fasciculatum. New phytol. 97 : 437 - 446. 
Adjoud, D. C. Plenchette, R. Halli - Hargas and F. Lapeyrie 1996. Response by 11 
eucalyptus species to inoculation with three arbuscular mycorrhizal fimgi. 
Mycorrhiza. 6 :129-135. 
Ahmed, S. S. and A. A. Alsayed 1991. Interaction between the vesicular arbuscular 
mycorrhiza Glomus macrocarpus and Meloidogyne incognita infecting cowpea. 
Ann. Agric. Sci. Moshtohor. 29 : 1765 -1772. 
Ahmed, S. S., M. M. Kandil and N. A. AL Ansi 1991. Effect of some fertilizers on 
development of Meloidogyne incognita and growth of cowpea. Ann. Agric. Sci. 
Moshtohor. 29 : U\5 - 1220. 
Akthar, M., Z. A. Siddiqui and I. Mahmood 1998. Management of Meloidogyne incognita 
in tomato by some inorganic fertilizers. Nematol. Medit. 26 : 23 - 25. 
Ali, M. A., I. Y. Trabulsi, and M. E. Abd - Elsamea 1981. Antagonistic interaction 
between Meloidogyne incognita and Rhizobium leguminosarum on cowpea. Plant 
Disease 65: 432 - 435. 
Allen, M. F. 1982. Ph. D. Dissertation, university of Wyoming, Department of Botany. 
178 
Allen, M. F. and M. G. Bosalis 1983. Effect of two species of VA mycorrhizal fungi on 
drought tolerance of winter wheat. Newphytol. 93:67. 
Allen, M. F., T. S. Moore and M. Christensen 1980. Phytohormone changes in 
Bouteloua gracilis infected by vesicular arbuscular mycorrhiza. I. Cytokinin 
increases, in the host plant. Can. J. Bot. 58 : 371. 
Allen, M. F., W. K. Smith, T. S. Moore Jr. and M. Christensen 1981. Comparative 
water relations and photosynthesis of mycorrhizal and non - mycorrhizal Bouteloua 
gracilis. New Phytol. 88:683-693. 
Allen, M. F., W. K. Smith, T. S. Moore Jr. and M. Christensen 1982. Phytochrome 
changes in Bouteloua gracilis infected by vesicular - arbuscular mycorrhizae. II 
Altered levels of gibberellin like substances and abscisic acid in the host plant. 
Can.J.5or. 60 :468-471. 
Allen, S. E., H. M. Grimshaw, J. A. Parkinson and C. Quarmby 1974. Chemical 
analysis of ecological material. Blackwell Scientific Publications, Oxford. 
Al-Raddad, A. M. 1995. Interaction of Glomus mosseae and Paecilomyces lilacinus on 
Meloidogyne javanica of tomato. Mycorrhiza 5: 233 - 236. 
Ames, R. N., C. P. P. Reid and E. R. Ingham 1984. Rhizosphere bacterial population 
responses to root colonization by a vesicular arbuscular fungus. New phytol. 90 : 
555. 
Ames, R. N., C. P. P. Reid, L. K. Porter, and C. Cambardella 1983. Hyphal Uptake and 
transport of nitrogen from two '^ N - labeled sources of Glomus mosseae, a vesicular 
- arbuscular mycorrhizal fungus. New Phytol. 95 : 381 - 396. 
Amijee, F., P. B. Tinker and D. P. Stribley 1989. Effect of phosphorus on the 
morphology of VA mycorrhizal root system of leek {Allium porrum L.). Plant 
and Soil 119 : 334 - 336. 
Amijee, F., P. B. Tinker and D. P. Stribley 1989. The development of endomycorrhizal 
root systems. VII. A detail study of effects of soil phosphorus on colonization. 
New Phytol. 111:435-446. 
Arafat, S. M., M. A. Sherif, M. H. Enany and R. N. Saad 1995. Effect of Rhizobium and 
vesicular-arbuscular mycorrhizal (VAM) fungus on growth. Phosphorus and 
nitrogen uptake by Viciafaba (L.) in hydroponic culture. Egyptian J. Soil Sci. 35 : 
117- 128. 
179 
Araujo, A. P., E. M. R. DA, Silva and D. L. DE Almeida 1994. Effectiveness of 
endomycorrhizal fungi in tomatoes at different soil phosphorus levels. Revista 
Brasileria de Ciencia do solo. 18: 193 -199. 
Araujo, A. P., R. 0 . P. Rossiello, E. M. R. DA. Silva and D. E. Almeida 1996. Growth 
analysis of tomato colonized with arbuscular mycorrhizal fungi. Revista Brasileria 
de Ciencia do Solo. 20 : 233 - 240. 
Asif, M., A. G. Khan, M. A. Khan, and C. Kuck 1995. Growth response of wheat to 
sheared root vesicular - arbuscular mycorrhizal inoculum under field condition. In : 
Mycorrhizae Biofertilizer for the future (Eds, Adholeya, A. and S. Singh). Tata 
Research Institute Pub: pp 4 31 - 437. 
Atilano, R. A., J. A. Menge and S. D. Van Gundy 1981. Interaction between Meloidogyne 
arenaria and Glomus fasciculatum in grape. J. Nematol. 13 : 52 - 57. 
Atilano, R.A., J. R. Rich, H. Ferris and J. A. Menge 1976. Effect of Meloidogyne 
arenaria on endomycorrhizal grape {Vitis vinifera) rooting. J. Nematol 8 : 278. 
Azcon-Aquilar and J. M. Barea 1981. Field inoculation of Medicago with VA mycorrhiza 
and Rhizobium in phosphate fixing agricultural soil. Soil Biol. Biochem. 13:19 -22. 
Azcon, R. and J. M. Barea 1992. Nodulation, Nj fixation ("N) and N nutrition 
relationships in mycorrhizal or phosphate - amended alfalfa plants. Symbiosis 12 : 
33-41. 
Azcon, R., M. Gomez and R. Tobar 1996. Physiological and nutritional responses by 
Lactiva sativa L. to nitrogen sources and mycorrhizal fimgi under drought 
conditions. Bio. Fertility Soil. 22 : 156 -161. 
Aziz, T. and M. Habte 1989. The sensitivity of three vesicular - arbuscular mycorrhizal 
species to stimulated erosion. J. Plant Nutr. 12 : 859 - 869. 
Badra, T. and M. M. Khattab 1980. The effect of nitrogen fertilizers on the growth of 
olive and in relation to infestation of Rotylenchulus reniformis. Nematol. Medit. 8 : 
67 - 72. 
Baghel, P. P. S., D. S. Bhatti and B. L. Jalali 1990. Interactions of VA mycorrhizal 
fungus and Tylenchulus semipenetrans on citrus. In : Current Trend in Mycorrhizal 
Research (Eds. JalaH, B. L. and H. Chand). Haryana Agricultural University, Hisar 
India. TERI VIUpp 210. 
Bagyaraj, D. J. 1991. Ecology of vesicular - arbuscular mycorrhizae. In : Hand Book of 
Applied mycology. Vol. I. Soil and Plants (Eds. Arora, D. K., B. Rai, K. J. Mukerji 
and G. R. Knudsen) pp 3 - 34. 
180 
Bagyaraj, D. J., A. Manjunath and D. D. R. Reddy 1979. Interaction of vesicular 
arbuscular mycorrhiza with root - knot nematode in tomato. Plant and Soil 51 : 397 
-403. 
Bagyaraj, D. J., M. S. Byra Reddy and P. A. Nalini 1989. Selection of an efficient 
inoculant of VAM fungus for Leucaena. Ecol. Manage. 27 : 791 - 801. 
Baker, K. F. and R. J. Cook 1974. Biological control of plant pathogen. Ann. 
Phytopathol. St. Paul. MN, pp 433. 
Bakshi, B. K. 1974. Mycorrhizae and its role in forestry. PL, 480 Project Report, 
Dehradun, Forest Research Institute, India, pp 89. 
Bali, M., N. Nigam and K. G. Mukerji 1987. Interaction of vesicular-arbuscular 
mycorrhizae with rhizosphere and rhizoplane fungi of Gosypium hirsutum and 
Corchorus olitorius. In : Mycorrhiza Round Table Proc Natlional Workshop 
Jawaharlal Nehru University. New Delhi, India pp 347 - 355. 
Baltruschat, H. and F. Schoenbeck 1972. The influence of endotrophic mycorrhiza on the 
infestation of tobacco by Thielaviopis basicola. Phytopath-Z. 74 : 172. 
Baltruschat, H., R. A. Sikora and F. Schoenback 1973. Effect of vesicular-arbuscular 
mycorrhiza (Endogone mosseae) on the establishment of Thielaviopsis basicola and 
Meloidogyne incognita on tobacco. Proc. 2^^ Int. Cong. Plant Path, pp 661 (Abstr). 
Barea, J. M. and C. Azcon - Aguilar 1982. Interaction between mycorrhizal fungi and 
soil microorganisms. In : Les mycorrhizes Biologic et utilization. National institute 
of Agronomic Research (INRA), France : pp 181. 
Barea, J. M. and C. Azcon - Aguilar 1985. Mycorrhizas and their significance in 
nodulated nitrogen - fixing plants. Adv. Agron. 36 : 1 - 54, 1985. 
Barea, J. M., C. Azcon - Aguilar, and R. Azcon, 1987. Vesicular-arbuscular mycorrhiza 
improve both symbiotic Nj fixation and N uptake fi-om soil as assessed with a 15N 
technique under field conditions. NewPhytol. 106 : 717 - 725. 
Barea, J. M., R. Azcon and C. Azcon - Aguilar 1993. Mycorrhiza and crops. In : 
mycorrhiza synthesis (Eds. Ingram, D. S. and P. H. Williams). Academic Press, 
London, pp 167 - 189. 
Barker, K. R. and D. Huisingh 1970. Histological investigations of the antagonistic 
interaction between Heterodera gylcines and Rhizobium japonicum on soybean. 
Phytopathology 60 : 1282 -1283. 
181 
Barker, K. R., D. Huisingh and S. A. Johnson. 1972. Antagonistic interaction between 
Heteredera glycines and Rhizobium japonicum on soybean. Phytopathology 62 : 
1201 -1205. 
Barker, K. R., P. S. Lehman and D. Huisingh 1971. Influence of nitrogen and Rhizobium 
japonicum on the activity of Heterodera glycines. Nematologica 17 : 377 - 385. 
Bary, N. A., M. F. M. Eissa and M. M. A. Youssef 1992. Effect of N, P and K at different 
levels on the population density of the rice root nematode, Hirshmanniella oryzae 
and rice growth. Ann. Agric. Sci. Cairo 37 : 277 - 282. 
Bethlenfalvay, G. J. and J. F.Yoder 1981. The Glycine - Glomus - Rhizobium symbiosis 1. 
Phosphorus effect on nitrogen fixation and mycorrhizal infection. Physiol Plant 52: 
141 - 145. 
Bethlenfalvay, G. J., Brown, M. S., and Stafford, A. E. 1985. Glycine-Glomus-Rhizobium 
symbiosis. II. Antagonistic effects between mycorrhizal colonization and 
nodulation. Plant Physiol. 79 : 1054 -1058. 
Beyene, S. B. Ricksen and W. Hofiier 1996. Effect of arbuscular mycorrhizal fungus on 
dry matter yield, as well as P and K concentrations in maize {Zea mays L.) at 
increasing levels of P supply. Angewahdte Botanik 70 : 194-198. 
Bhandal, B. K., R. P. Gupta, M. S. Panher 1989. Synergistic effect of strain HUP' of 
Rhizobium leguminosarum and vesicular-arbuscular mycorrhiza on symbiotic 
parameters of two cultivars of Pisum sativum. Res. Dev. Rep. 6 : 38 - 45. 
Bhardwaj. S., S. S. Dudeja and A. L. Khurana 1997. Distribution of vesicular-arbuscular 
mycorrhizal fimgi in the natural ecosystem. Folia Microbiol. 42 : 589 - 594. 
Bird, A. F. 1974. Plant response to root knot nematode. Ann. Rev. Phytopathol. 12: 69-
85 
Blackman, J. P. and N. J. Fokkema 1982. Potential of biological control of plant diseases 
on the phylloplane. Ann. Rev. Phytopathol. 20 : 167 - 192. 
Blaszkowski, J. 1993. Comparative studies on the occurrence of arbuscular fungi and 
mycorrhizae (Glomus) in cultivated and uncultivated soils of Poland. Acta - Mvcol. 
28: 93 -140. 
Bolan, N. S., A. D. Robson, N. J. Barrow and L. A. G. Aylmore 1984. Specific activity of 
phosphorus in mycorrhizal and non - mycorrhizal plants in relation to the 
availability of phosphorus to plants. Soil Biol. Biochem. 16 : 299 - 304. 
182 
Bolgiano, N. C, G. R. Safir and D. D. Warucke 1983. Mycorrhizal infection and growth 
of onion in the field in relation to phosphorus and water availability. J. Am . Soc. 
Hort. 108: 819. 
Bopaiah, B. M., R. B. Patil and D. D. R. Reddy. 1976. Effect oiMeloidogyme javanica on 
nodulation and symbiotic nitrogen fixation in mung {Vigna radiata). Indian J. 
Nematoi 6:124-130. 
Borges, R. G. and W. R. Chaney 1989. Root temperature affects mycorrhizal efficiency 
in Fraxinus pennsylvanica Marsh. New Phytol. 112:411. 
Bowen, G. D., D. I. Bevege and B. Mosse 1975. Phosphate physiology of vesicular -
arbuscular mycorrhizae. In : Endomycorrhizas. (Eds. Anders. F. E., B. Mosse and P. 
B. Tinker). Academic Press, London, pp 241-260. 
Brown, M. F. and E. J. King 1987. Morphology and histology of vesicular-arbuscular 
mycorrhizae: Anatomy and cytology. In: Methods and Principles of Mycorrhizal 
Research (Ed. Schenck, N. C.) pp 15-21. 
Brown, M. S. and G. J. Bethlenfalvay 1988. The Glycine-Glomus - Rhizobium symbiosis 
VII Photosynthetic nutrient use efficiency in nodulated mycorrhizal soybean. Plant 
Physiol. S6: 1292-1297. 
Brown, R. W., R. C. Schultz, and P. P. Kormanik 1981. Response of vesicular-arbuscular 
endomycorrhizae sweetgum seedlings to the three nitrogen fertilizers. Forest Sci. 27 
: 413-420. 
Burrows, R., F. L. Pfleger and L. Kiaters Jr. 1990. Growth of seedlings asparagus 
inoculated with Glomus fasciculatum and phosphorus supplementation. Horti. Sci. 
25.519-521. 
Butool, F. and A. Haseeb 1996. Influence of Glomus aggregatum on root-knot 
development caused by Meloidogyne incognita in Hyoscyamus muticus. Afro - Asian 
J. Nematoi. 6 : 188 - 190. 
Byrd, D. W. Jr., T. Kirkpatrick and K. R. Barker 1983. An improved technique for 
cleaning and staining plant tissue for detection of nematodes. J. Nematoi 15 : 142 -
143. 
Cabanillas, E. and K. R. Barker 1989. Impact of Paecilomyces lilacinus inoculum level 
and application time on control of Meloidogyne incognita on tomato. J. Nematoi. 
21 : 115-120. • 
Cabanillas, E., K. R. Barker and L. A. Nelson 1989. Growth of isolate oi Paecilomyces 
lilacinus and their efficacy in biocontrol of Meloidogyne incognita on tomato. J. 
Nematoi. 21 : \64 - \12. 
183 
Callow, J. A., L. C. M. Capaccio, G. Parish and P. B. Tinker 1978. Detection and 
estimation of polyphosphate in vesicular - arbuscular mycorrhizae. New Phytol. 80 : 
125-134. 
Camprubi, A., J. Pinochet, C. Calvet and V. Estaun 1993. Effect of the root - lesion 
nematode Pratylenchus vulnus and the vesicular-arbuscular mycorrhizal fungus, 
Glomus mosseae on the growth of three plum root stocks. Plant and Soil 153 : 223 -
229. 
Carling D. E. and M. F. Brown 1980. Relative effect of vesicular- arbuscular mycorrhizal 
fungus on the growth and yield of soybeans. Soil Sci. Soc. Am. J. 44 : 528 - 532. 
Carling, D. E., R. W. Roncadori and R. S. Hussey 1989. Interactions of vesicular -
arbuscular mycorrhizal fungi, root - knot nematode and phosphorus fertilization on 
soybean. Plant Disease 73: 730 - 733. 
Carling, D. E., R. W. Roncadori and R. S. Hussey 1996. Interactions of arbuscular 
mycorrhizae, Meloidogyne arenaria, and phosphorus fertilization on peanut. 
Mycorrhiza 6 : 9 - 1 3 . 
Cameiro R, M. D. Gomes and J. C. Cayrol 1991. Methodology and pathogenecity tests 
effect of Paecilomyces lilacinus and P. fumosoroscus isolates to eggs of Meloidogyne 
javanica. Revue Nematol. 14 : 629 - 634. 
Caron, M. 1989. Potential use of mycorrhizae in control of soil borne diseases. Can. J. 
Plant Pathol. 11: 177-179. 
Cason, K. M. T., R. S. Hussey and R. W. Roncadori 1983. Interaction of vesicular-
arbuscular mycorrhizal fungi and phosphorus with Meloidogyne incognita on 
tomato. J. Nematol. 15 : 410 - 417. 
Chakraborty, U. and B. N. Chakraborty. 1989. Interaction of Rhizobium leguminosarum 
and Fusarium solani f. sp. pisi on pea affecting disease development and phytoalein 
production. Can. J. Bot. 67 : 1698 -1701. 
Chakraborty, U. and R. P. Purkayastha, 1984. Role of Rhizobiotoxine in protecting 
soybean roots from Macrophomina phaseolina infection. Can. J. Microbiol, 30, 285 -
9. 
Chand, L. and S. C. Shrivastava 1982. Pluse production in Madhya Pradesh. JNKVV Res. 
J. 16: 86-94. 
Chandra, S. and H. K. Kehri 1996. PGPR and VAM: Promising biocontrol agents for 
future. Vasundhara 1 :9 -18 . 
184 
Chandra, S., and T. Chatterjee 1989. Occurrence of VAM in medicinal plants. Proc. 
National Aca. Sci. {India). 60 : 46 - 51. 
Chhabra, M. L. and B. L. Jalali 1997. Impact of VA - mycorrhizal endophyte. Glomus 
mosseae inoculation on the utilization of rock - phosphate in wheat. Pi Dis.Res. 12 
: 163 -166. 
Clarke, C and B. Mosse 1981. Plant growth response to vesicular - arbuscular mycorrhiza. 
XII. Field inoculation responses of barley at two soil levels. New Phytol. 87 : 695 -
703. 
Cluett, H. C. and D. H. Boucher. 1983. Indirect mutuahsim in the \Q%\xmt-Rhizobium -
mycorrhizal fungus interaction. Oecologia 59 : 405 -408. 
Cook, R. J., and K. F. Baker, 1983. The nature and practice of biological control of plant 
pathogens, APS Press, St. Paul, MN. pp 235-245 
Coolen', W. A. and C. J. D' Herde 1972. A method for the quantitative extraction of 
nematode from plant tissue. Minist - Agric. Res. Admins. State Agric. Rec. Centre. 
Ghent, Belgium 77 pp. 
Cooper, K. M. and G. S. Grandison 1986. Interaction of vesicular-arbuscular mycorrhizal 
fungi and root - knot nematode on cuhivars of tomato and white clover susceptible 
to Meloidogyne hapla. Ann. App. Biol. 108 : 555 - 565. 
Cooper, K. M. and P. B. Tinker 1978. Translocation and transfer of nutrients in vesicular 
- arbuscular mycorrhizae. II. Uptake and translocation of phosphorus. Zinc and 
Sulphate. New Phytol. 81 : 43. 
Cooper, M. and G. S. Grandison 1987. Effects of vesicular-arbuscular mycorrhizal fungi 
on infection of tamarillo {Cyphomandra betacea) by Meloidogyne incognita in 
fumigated soils. Plant Disease 1\ : 1101 -1106. 
Cox, G. and P. B. Tinker 1976. Translocation and transfer of nutrients in vesicular -
arbuscular mycorrhizas. I. The arbuscule and phosphorus transfer: A quantitative 
ultrastructural study. New Phytol 11 -.Zll- 378. 
Cox, G., F. E. Sanders, P. B. Tinker and J. A. Wild 1975. Ultrastructural evidence relating 
to host endophyte transfer in a vesicular - arbuscular mycorrhiza. In : 
Endomycorrhizas (Eds - Sanders, F. E., B. Mosse and P. B. Tinker). Academic 
Press, London, pp 297-312. 
Crush, J. R. 1995. Effect of VA mycorrhizae on phosphorus uptake and growth of white 
clover {Trifolium repens L.) growing in association with ryegrass {Lolium perenne 
L.). J. Agric. Res. 38 : 303 - 307. 
185 
Daft, M. F. and T. H. Nicolson 1966. Effect of endogone mycorrhiza on plant growth 11. 
Influence of soluble phosphate on Endogone. New Phytol. 65 : 343 - 350. 
Daft, M. J. and A. A. EL - Giahmi 1976. Studies on nodulated and mycorrhiza! peanuts 
Ann. Appl. Biol. 83 : 273. 
Daft, M. J. and T. H. Nicolson 1972. Effect of endogone mycorrhiza on plant growth. IV. 
Quantitative relationships between the growth of the host and the development of 
the endophyte in tomato and maize. New Phytol. 71 : 287 - 295. 
Dalai, M. A. and D. S. Bhatti 1989. Pathogencity of Heterodera cajani in mungbean and 
cluster bean as affected by presence or absence of Rhizobium. Indian J. Nematol 19: 
153-158. 
Dehne, H. W. 1982. Interactions between vesicular-arbuscular mycorrhizal fungi and 
plant pathogens. Phytopathology. 72 : 1115 - 1119. 
Dehne, H. W. and F. Schoenbeck 1975. The influence of endotrophic mycorrhiza on the 
Fusarium wilt of tomato. Z. Pflkrankh pflschutz. 82 : 630. 
Dehne, H. W. and F. Schoenbeck 1979. The influence of endotrophic mycorrhiza on plant 
diseases: colonization of tomato plants by Fusarium oxysporum (L.) sp. Lycopersici. 
Phytopath. Z. 95 : 105. 
Dehne, H. W., F. Schoenbeck and H. Baltruschat 1978. The influence of endotrophic 
mycorrhiza on plant diseases. 3. Chitinase activity and the omithine-cycle. Z 
Pflanzenkrankh. 85 : 666. 
Devi, T. P. and B. K. Goswami 1992. Effect of VA - mycorrhiza on the disease incidence 
due to Macrophomina phaseolina and Meloidogyne incognita on cowpea. Ann. 
Agri. Res. 13 : 253 - 256. 
Dhillion. S. S. 1992. Evidence for host mycorrhizal presence in native grassland species. 
Mycol. Res. 94 : 359 - 362. 
Dhinakaran, R. and P. Savithri 1997. Phosphorus use efficiency of tomato as influenced 
by phosphorus and vesicular - arbuscular mycorrhizal (VAMF) ftingi inoculation. J. 
Nuclear Agric. Biol. 26 : 142 - 146. 
Diederichs, C. 1987. Interaction between five endomycorrhizal fungi and the root - knot 
nematode Meloidogyne Javanica on chickpea under tropical conditions. Tropical 
Agriculture 64 : 353 - 355. 
Diederichs, C. 1990. Improved growth of Cajanus cajan (L.) Millsp. In unsterile tropical 
soil by three mycorrhizal fimgi. Plant and Soil. 23 : 261 - 266. 
186 
Domsch. K. H., W. Gams and T. H. Anderson, 1980. Compendium of soil fungi Vol. I. 
Academic Press. New York, pp 859. 
Drapeau. R., J. A. Fortin and C. Cagnon. 1978. Antifungal activity oiRhizobium. Can. J. 
Bot.,51 -.681-682. 
Dube, B. and G. C. Smart Jr. 1987. Biological control of Meloidogyne incognita of 
Paecilomyces lilacinus and Pasteuria penetrans. J. Nematol 19 : 222 - 227. 
Dupponois, R. and P. Cadet 1994. Interaction of Meloidogyne jnwamca and Glomus spp. 
on growth and Nj fixation of Acacia seyal. Afro. Asian J. Nematol. 4 : 228 - 233. 
Durga, V. V. K. and S. Gupta 1995. Effect of vesicular - arbuscular mycorrhizae on the 
growth and mineral nutrition of teak {Tectona grandis Lin F.). Special Issue; Focus 
on teak. Indian Forester 121 : 518 - 527. 
EI - Maksoud, H. K. Abad, B. N. Boutros and A. A. Lx)fty. 1988. Influence of vesicular-
arbuscular mycorrhizal association and rock phosphate fertilization on growth of citrus 
aurentifolium in calcareous soil. Ann. Agric. Sci., Moshtohor 26 : 2105 - 2117. 
Eisenback, J. D., H. Hirschman, J. N. Sasser and A. C. Triant^hyllou 1981. A guide to 
the four most common species of Root-knot nematodes {Meloidogyne Species), 
North Carolina state University Graphics, Raleigh, pp 48. 
Ekanayake, H. M. R. K. and N. J. Jayasundra 1994. Effect of Paecilomyces lilacinus and 
Beauveria bassiana in controlling Meloidogyne incognita on tomato in Sri Lanka. 
Nematol. Medit. 22 : 87 - 88. 
Elliott - Juhnke M., D. E. Mathre and D. C. Sands 1989. Effect of Glomus mosseae and 
mycorrhiza on the rhizosphere mycoflora. Soil Biol. Biochem. 21 : 591 - 595. 
Elwan, I. M. 1993. Response of nutrient status of plants in calcareous soils receiving 
phosphorus fertilization and mycorrhiza. Ann. Agric. Sci. Cairo 38 : 841 - 849. 
Eno, C. F., W. G. Blue and J. M. Good Jr. 1995. The effect of anhydrous ammonia on 
nematodes, fungus, bacteria and nitrification in some Florida soil. Proc. Soil. Sci. 
Soc. America 19 : 55 - 58. 
Fabig, B., A. M. Moakiad and W. Achtwich 1989. Effect of VA mycorrhiza on dry 
weight and phosphorus content in shoot of cereal crops fertilized with rock 
phosphates at different soil pH and temperature levels. Zeitschrift fur 
Pflanzenemaahrungurd Bodenkunde 152: 255 - 259. 
Fay, P., D. T. Mitchell and B. A. Osborne 1996. Photosynthesis and nutrient use 
efficiency of barley in response to low arbuscular mycorrhizal colonization and 
addition of phosphorus. New Phytol. 132 : 425 - 433. 
187 
Fazal, M., Z. A. Siddiqui and M. Imran 1992. Effect of pre, post and simultanous 
inoculation of Rhizobium. Rotlylenchulus reniformis and Meloidogyne incognita 
acrita J. NematolA: 224 - 225. 
Ferguson, J. J. (Ed.) 1984. Application of mycorrhizal fungi in crop production, Univ. of 
Florida, Fruit Crops Dept., Gainesville, Fl., 88. 
Fisher, R. A. 1950. Statistical methods for research workers {\\* Ed). Oliver and Boyd, 
Edinburgh. 
Fiske, C. H. and Y. Subrow 1925. The colorimetric determination of phosphorus. J. Biol. 
Chem. 66 : 375 - 400. 
Fox, J. A. and L. Spasoff 1972. Interaction of Heterodera solanacearum and Endogone 
gigantea on tobacco. J. Nematoi 4 : 224 - 225. 
Francis, R. and D. J. Read 1988. The capacity of VAM plants to utilize simple inorganic 
sources of nitrogen. Iraqi J. AgricSci. ZANCO 6 : 63 -70. 
Frank, A. B. 1985. Uber die auf Wurzel symbiose beruhencele. Emahrung gewissen 
Baumedurle Untrirdische Pilze Ber Dtsch. Bot. 3 : 128 - 145. 
Ganesan, V., S. Raghupathy, B. Parthipan, D. B. R. Rani and A. Mahadevan 1991. 
Distribution of vesicular - arbuscular mycorrhizal fungi in coal, lignite and calcite 
mine soils of India. Bio Per. Soil 12 : 131 -136. 
Ganry, F., H. G Diem and Y. R. Dommergues 1982. Effect of inoculation with Glomus 
mosseae on nitrogen fixation by field grovra soybeans. Plant and Soil, 68 : 321 - 329. 
Gardiner, D. T. and N. W. Christensen 1991. Pear seedling responses to phosphorus, 
fumigation and mycorrhizal inoculation. J. Horti. Sci. 66 : 775 - 780. 
Gautam, A., Z. A. Siddiqui, and I. Mahmood 1995. Integrated management of 
Meloidogyne incognita on tomato. Nematoi. Medit. 23, 245 - 247. 
Gerdemann, J. W. 1968. Vesicular - arbuscular mycorrhiza and plant growth. Ann. Rex. 
Phytopathol. 6 : 397 - 418. 
Gerdemann, J. W. 1975. Vesicular - arbuscular mycorrhizae. In : The Development and 
function of Roots (Eds. Torrey, J. G. and D. T. Clarkeson) Academic press, London, 
pp 576-591. 
Gerdemann, J. W. and T. H. Nicolson 1963. Spores of mycorrhizal Endogone species 
extracted fi-om soil by wet sieving and decanting. Trans. Brit. Mycol. Soc. 46 : 235 -
246. 
188 
Gianinazzi-Pearson, V., J. Dexheimer, S. Gianinazzi and C. Jeanmaire 1984. 
Plasmalemma structure and function in endomycorrhizal symbiosis. Z Pflanzen 
physiolBd. 114:201 -205. 
Gianinazzi, S. and V. Gianinazzi - Pearson 1986. Progress and headaches in 
endomycorrhizabiotechnology. Symbiosis! : 139. 
Gianinazzi, S., V. Gianinazzi - Pearson and A. Trouvelot 1982. Les mycorrhizes partie 
integrante de laplante: biologic etperspectives d'utilisation Less Coll de. 1. INRA. 
INRA - Press Paris, France, pp 397. 
Gianinazzi, S., V. Gianinazzi - Pearson and A. Trouvelot 1990. Potentialities and 
procediu^es for use of endomycorrhizae with special emphasis on high value crop. In 
Biotechnology for fungi for improving plant growth (Eds. Whipps, J. M. and B. 
Lumsden). Cambridge Univ. Press, Cambridge, U. K. pp 41. 
Gianinazzi, S., V. Gianinazzi - Pearson and J. Dexheimer 1979. Enzymatic studies on the 
metabolism of VA - mycorrhiza III. Ultrastructural location of acid and alkaline 
phosphates in onion roots infected by Glomus mosseae (Nicol and Gerd). New 
Phytol. 82: 127 
Ginits, B. O., G. Morgan-Jones and R. Rodriguiz-kabana 1983. Fungi associated with 
several development states of Heterodera glycine from an Albana soybean field soil. 
Nematotropica 13: 181-200 
Giovannetti, M. and B. Mosse 1980. An evaluation of technique for measuring vesicular -
arbuscular mycorrhizal infection in roots. New Phytol. 84 : 498 - 500. 
Giovannetti, M., L. Tosi, Torre - G - della, A. Zazzerini and G. Delia-Torre 1991. 
Histological, physiological and biochemcial interactions between vesicular 
arbuscular mycorrhizal and Thielaviopsis basicola in tobacco plants. J. 
Phytopathol. 131 : 265 - 274. 
Godoy, G., R. Rodriguez - Kabana and G. Morgan - Jones. 1983. Fungal parasites of 
Meloidogyne arenaria eggs in an Alabama soil. A mycological survey and greenhouse 
studies. Nematropica 13 : 201 - 213. 
Godse, D. B., T. Madhusudan, D. J. Bagyaraj and R. B. Patil 1976. Occurrence of 
Vesicular - arbuscular mycorrhizas on crop plants in Kamataka. Trans. Brit. Mycol. 
Soc. 67: 169 
Goh, T. B., M. R. Baneijee, S. Tu and D. L. Burton 1997. Vesicular - arbuscular 
mycorrhizae mediated uptake and translocation of P and Zn by wheat in a calcareous 
soil. Can. J. Plant Sci. 3: 339-346 
189 
Gonzalez - Chavez, M. V. and R. Ferrera - Cerrato 1989. Distribution of endomycorrhiza 
(VA) in maize (Zea mays) culture in andosoils from the state of Mexico. Micologia 
Neotropical Aplicada 2: 115-121 
Graham, J. H. 1988. Interaction of mycorrhizal fungi with soil bom plant pathogen and 
other organisms: An Introduction. Phytopathology 78: 365 
Graham, J. H. and J. A. Menge 1982. Influence of Vesicular - arbuscular mycorrhizal and 
soil phosphorus on take all disease of wheat. Phytopathology 72: 95-96 
Graham, J. H. and L. W. Timmer, 1985. Rock-phosphate as source of phosphorus for 
vesicular - arbuscular mycorrhizal development and growth of citrus in a soilless 
medium. J. Am. Soc. Horti. Sci. 110: 459-492 
Graham, J. H., D. M. Eissentat and D. L. DrouUard 1991. On the relationship between 
plants mycorrhizal dependency and rate of vesicular - arbuscular mycorrhizal 
colonization. Functional Ecol. 56: 773-779 
Graham, J. H., R. T. Leonard and J. A. Menge 1981. Membrane mediated decreases in 
root exudation responsible for phosphorus inhibition of vesicular-arbuscular 
mycorrhiza formation. Plant Physiol. 68: 548-552 
Graham, J. H., R. T. Leonard and J. A. Menge 1982. Interaction of high intensity and soil 
temperature with phosphorus inhibition of vesicular-arbuscular mycorrhiza formation. 
New Phytol. 91: 6Z3-690 
Grandison, G. S. and K. M. Cooper 1986. Interaction of vesicular - arbuscular 
mycorrhizae and cultivars of Alfalfa susceptible plant and resistant to Meloidogyne 
hapla. J. Nematol. 18 : 141 - 149. 
Gruhn, C. M., R. W. Roncadori and P. P. Kormanik, 1987. Interaction between a 
vesicular - arbuscular mycorrhizal fungus and phosphorus fertilization on sweetgum 
growth in Loamy sand and Kaoline soil. Reclamation and Revegetation Research 6: 
197-206 
Gryndler, M., J. Lesline, V. Moravec, Z. Prikry and J. Lipavsky 1989. Colonization of 
maize roots by VAM fungi under conditions of long term fertilization of varying 
intensity. Agric. Eco.Environ. 29 : 183 - 186. 
Gutlay, A. J. R. and L. M. C. Dandurand 1989. Interaction of the vesicular-arbuscular 
mycorrhizae of maize with extractable soil phosphorus levels and nitrogen-potassium 
fertilizers. Biol. Ferti. Soils. 8 : 307 - 310. 
Hafeel, K. M. and I. A. Gunatillche 1988. Distribution of endomycorrhiza! spores in 
disturbed sites of lowland rain forest in Sri Lanka. In : Proc. 1^^ Asian Conf. on 
Mycorrhiza University of Madras, Guindy campus, India. 337-345. 
190 
Hall, I. R. 1988. Potential for exploiting vesicular arbuscular myconrhizas in agriculture. 
In : Biotechnology in Agriculture. Alan, R. Liss, Inc. pp 141 -174. 
Hall, I. R. and B. J. Fish 1979. A key to endogonaceae. Trans. Brit. Mycol. Soc. 73 : 261 
- 270. 
Haque, S. E. and A. Gaffar 1993. Use of Rhizobia in the control of root rot diseases of 
sunflower, okra, soybean and mungbean. Phytopath. Z., 138 : 157 -163. 
Harinikumar, K. M. and D. J. Bagyaraj 1989. Effect of cropping sequence, fertilizers and 
farmyard manure on vesicular-arbuscular mycorrhizal fungi in different crops over 
three consecutive seasons. Biol. Ferti. Soils 7 : 173 -175. 
Harley, J. L. 1969. In : The Biology of mycorrhiza - Second edition. Leonard Hill, 
London, pp 350. 
Harley, J. L. and S. E. Smith 1983. Mycorrhizal symbiosis. Academic Press, London pp 
463. 
Harris, D., R. S. Pacovsky and E. A. Paul 1985. Carbon economy of soybean - Rhizobium 
- Glomus associations. New Phytol. 101 : 427 - 440. 
Hartman, K. M. and J. M. Sasser 1985. Interaction of Meloidogyne species on the basis 
of differential host test and perineal pattern morphology. In: An Advanced Treatise on 
Meloidogyne. (Eds. Barker, K. R., C. C. Carter and J. M. Sasser). North Carolina 
State University Graphics, Raleigh. Vol. II. pp 69 - 77. 
Hasan, N. and R. K. Jain 1987. Parasitic nematodes and vesicular-arbuscular mycorrhizal 
(VAM) fungi associated with berseem (Trifolium alexandrinum L.) in Bundelkhand 
region. Indian J. Nematol. 17 : 184 - 188. 
Hattinagh, M. J. 1978. Uptake of P labelled phosphate by endomycorrhizal roots in soil 
chambers. In: Endomycorrhizae. (Eds. Sanders, F. E., B. Mosse and P. B. Tinker). 
Academic Press, London and New York, 289 - 295. 
Hayman, D. S. 1982. The physiology of vesicular-arbuscular endomycorrhizal symbiosis. 
Can. J. Bot. 61 : 944 - 963. 
Hayman, D. S. and B. Mosse 1977. Plant growth responses to vesicular - arbuscular 
mycorrhizae I. Growth of Endogenous inoculated plants in phosphate - deficient 
soils. New Phytol. 70 : 19 - 27. 
Hayman, D. S. and G. E. Stovold 1979. Spore populations and infectivity of vesicular-
arbuscular mycorrhizal fungi in New South Wales. Aust. J. Bot. 11: 227 - 233. 
191 
Hazarika, R. L. and A. K. Phookan 1985. Growth response of chilli {Capsicum annum L.) 
to vesicular-arbuscular mycorrhizal infection with different levels of applied 
phosphorus in acid soil. In: Mycorrhizae: Biofertilizer for the future. (Eds. Adholeya. 
A and S. Singh). TERI Pub. pp 421 - 423 
Heald, C. M., B. D. Bruton and R. M. Davis 1989. Influence of Glomus intraradices and 
soil phosphorus on Meloidogyne incognita infecting Cucumis melo. J. Nematol. 21 : 
69 - 73. 
Heinmaim, H. 1972. Control of nematode by feeding. Australian plants 52 : 366. 
Hepper, C. M. 1983. The effect of nitrate and phosphate on the vesicular - arbuscular 
mycorrhizal infection of lettuce. NewPhytol. 93: 389 - 399. 
Howeler, R. H., H. Sieverding and S. Saif 1987. Practical aspects of mycorrhizal 
technology in some tropical crops and pastures. Plant and Soil 100 : 249 - 283. 
Huang, J. S. 1987. Interactions of nematodes with rhizobia. In. Vistas on nematology. 
(Eds. J. A. Veech and D. W. Dickson) Society of Nematologits. Hyatteville. pp 385-
390 
Hussaini, S. S. and A. R. Seshadri, 1975. Interaction between Meloidogyne incognita and 
Rhizobium sp. on mung (phaseolus aureus). Indian. J. Nematol. 5 : 189-199. 
Hussey, R. S. and K. R. Barker 1973. A comparison of methods of collecting inocula of 
Meloidogyne spp. including a new technique. Plant Dis. Reptr. 57: 1025 -1028. 
Hussey, R. S. and R. W. Roncadori 1978. Inteiraction of Pratylenchus hrachyurus and 
Gigaspora margarita on cotton. J. Nematol. 10: 16 - 20. 
Hussey, R. S. and R. W. Roncadori 1980. Influence of Aphelenchus avenae on vesicular-
arbuscular endomycorrhizal growth response in cotton. J. Nematol. 13 : 48 - 52. 
Hussey, R. S. and R. W. Roncadori 1982. Vesicular arbuscular mycorrhizal may limit 
nematode activity and improve plant growth. Plant Disease 66: 9-14. 
Ibijbijem, J., S. Urquiaga, M. Ismaili, B. J. R. Alves and R. M. Boodey 1996. Effect of 
arbuscular mycorrhizas on uptake of nitrogen by Brachiaria arrecta and Sorghum 
\>ulgare from soil labelled for several years with '*N. New Phytol. 133 : 487 - 494. 
Ibrahim, A. A. M. 1994. Effect of cadusafos, Paecilomyces lilacinus and Nemout on 
reproduction and damage potential of Meloidogyne incognita. Pak. J. Nematol. 12 : 
141 - 147. 
1J7 
Ingham, R. E. 1988. Interaction between nematode and vesicular-arbuscular mycorrhizae. 
Agri. Eco. Environ. 24 : 169 - 182. 
Ishac, Y. Z., J. S. Angle, M. E. El - Bourollosy, M. E. Eldemerdash, M. J. Mostafa and C. 
N. Fares 1994. Growth of vicia faba as affected by inoculation with vesicular-
arbuscular mycorrhizae and Rhizobium leguminosarum by vicea in two soil. Biol. 
Fertility. Soil. 1 : 2 7 - 3 1 . 
Ismail, W. and S. K. Saxena 1977. Effect of different levels of K on the growth of root -
knot nematode Meloidogyne incognita on tomato. Nematologica 23 : 263 - 264. 
Isobe, K., H. Fujii, and Y. Tsuboi 1993. Studies on behaviour of VA mycorrhizal fungi in 
soybean culture. Jap. J. Crop. Sci. 62 : 851 - 358. 
Jahan, K. 1994. Effect of some air pollutants on root nodulation and VAM colonization of 
roots of some leguminous crops. Ph. D thesis Department of Botany, Aligarh Muslim 
University, Aligarh, India. 
Jain, R. K. and C. L. Sethi 1987. Pathogencity of Heterodera cajani on cowpea as 
influenced by the presence of VAM fungi. Glomus fasciculatum or G. epigaeus. 
Indian J. Nematol. 17 : 165 -170. 
Jain, R. K. and C. L. Sethi 1988 (a). Influence of endomycorrhizal fungi Glomus 
fasciculatum and G. epigaeus on penetration and development of Heterodera cajani 
on cowpea Indian, J. Nematol. 18 : 89 - 93. 
Jain, R. K. and C. L. Sethi 1988 (b). Interaction between vesicular arbuscular mycorrhiza, 
Meloidogyne incognita and Heterodera cajani on cowpea as influenced by the time of 
inoculation. Indian J. Nematol. 18 : 263 - 268. 
Jain, R. K. and N. Hasan 1986. Association of vesicular arbuscular mycorrhizal fungi 
(VAM) and plant parasitic nematode with forage sorghum {Sorghum bicolor L.) 
Sorghum Newsl. 29 : 84. 
Jain, R. K. and N. Hasan 1987. Rate of vesicular-arbuscular mycorrhizal (VAM) fungi 
and nematode activities in forage production. Acta Bot. Indica 16 : 84 - 88. 
Jaizeme - Vega, M. C , P. Tenoury, J. Pinochet and M. Jaumot 1977. Interactions 
between the root - knot nematode Meloidogyne incognita and Glomus mosseae in 
banana. Plant and Soil 196 : 27 - 35. 
Jakobsen, I., L. K. Abbott and A. D. Robson 1992. External hyphae of vesicular-
arbuscular mycorrhizal fungi associated with Trifolium subterraneum L. New Phvtol. 
120 : 371 - 379. 
193 
Jalali, B. L. and I. Jalali 1991. Mycorrhiza in plant disease control. In: Handbook of 
Applied Mycology. Soil and Plants Vol I. (Eds. Arora, D. K., B. Rai, K. G. Muleiji 
and G. R. Kundsen) Marcel & Dekker, New York, NY. pp 131 - 154. 
Jalali, B. L., M. L. Chhabra and R. P Singh 1991. Interaction between vesicular-
aibuscular mycorrfaizal endophyte and Macrophomina phaseolina in mungbean. 
Indian Phytopth. 43: 527 - 530. 
Jalali; B. L. & M. L. Thareja 1981. Suppression of Fusarium wilt of chickpea in VAM 
inoculated soils. Int. chickpea Newslet. 4 : 21 - 22. 
Jasper, P. A., A. Robson and L. K. Abbott 1979. Phosphorus and the formation of 
vesicular-arbuscular mycorrhizas. Soil Biol. Biochem. 11 : 501 - 505. 
Jatala,P. 1981. Biological control of Meloidogyne species: Methodology for preparation 
and establishment of Paecilomyces lilacinus for their inoculation. International 
Meloidogyne project. Proc. 3^^. Res. Plan. Conf. on Root - Knot Nematodes, 
Meloidogyne Species. Jakarta Region VI, pp. 228 - 231. 
Jatala, P. 1983. Biological control with the fungus, Paecilomyces lilacinus. Proc. 3^^ 
Res. Plan. Conf. On Root - Knot nematodes, Meloidogyne spp. pp 183 -187. 
Jatala, P. 1986. Biological control of plant parasitic nematodes. Ann. Rev.Phytopathol. 
24:453 - 489. 
Jatala, P., R. Kattenbach, M. Bocangel, A. J. Davaux and R. Campos 1980. Field 
AppUcation of Paecilomyces lilacinus for controlling Meloidogyne incognita on 
potatoes. J. Nematol. 12 : 226 - 227. 
Jatala, P., R. Salea, R. Kattenbach and M. Bocangel 1979. Biological control of 
Meloidogyne incognita acrita and Globodera pallida on potatoes. J. Nematol. 11 : 
303. 
Javid, I. And A. Gautam 1995. Status of vesicular-arbuscular mycorrhizal fungi of 
Aligarh District a survey report. Mycorrhiza News 8 : 12-14. 
Jayashree, J. and D. Kumar 1995. VAM fungi - pathogen-fungicide interactions in gram. 
Indian Phytopath. 48 : 294 - 299. 
Jeffries, P. 1987. Use of mycorrhizae in agriculture. Critical Reviews in Biotechnology 5 
: 319-357. 
Jensen, A. 1982. Influence of four vesicular arbuscular mycorrhizal fungi on nutrients 
uptake and growth in barley (Hordeum vulgare). New Phytol. 90 : 45. 
1% 
Jenson A. and I. Jakobson 1980. The occurrence of vesicular arbuscular mycorrhiza in 
barley and wheat grown in June Danish Soil different fertilizer treatment. Plant and 
Soil 55: 403 - 414. 
Jeswani, L. M. and P. H. Vanchaik 1986. Coordinated pulse project, its prospects. Indian 
Farming 17: 5-6. 
Jimenez, R. M. and D. D. Gallo 1988. New condition on the effectiveness of 
Paecilomyces lilacinus (Thom.) Samson in the control of root-knot nematode. ( 
Meloidogyne spp.). IDESIA 10 : 29 - 33. 
Joshi, P. K. 1995. Prospects of groundnut improvement by VAM fungi in medium - black 
calcareous soil of Gujarat. In: mycorrhizae: Biofertilizer for the future. (Eds. 
Adholeya, A. and S. Singh) TERI Pub. pp 374 - 377. 
Kassab, A. S. 1995. The influence of concomitant populations of Meloidogyne incognita 
and VAM of their development and on the growth of Egyptian clover. Ann. Agric. 
5ci. Cairo 40:433-441. 
Kassab, A. S. and A. H. Y. Taha 1990 (a). Aspects of the host-parasite relationships of 
nematodes and sweet potato. 1: Population dynamic and interaction of Criconemalla 
spp. Rotylenchidus reniformis, Tylenchorhynchus spp. and endomycorrhiza. Ann. 
Agric. Sci. Cairo 35 : 497-508. 
Kassab, A. S. and A. H. Y. Taha 1990 (b). Interaction between plant - parasitic nematode, 
vesicular - arbuscular mycorrhiza, rhizobia and nematicide on Egyption clover. Ann. 
Agric. Sci. Cairo 35 : 509 - 520. 
Katzenelson, H., E. A. Peterson and J. W. Rouatt 1962. Phosphate dissolving micro-
organisms on seeds and in the root zone of plants. Can. J. Bot. 40 : 439 - 440. 
Kawai, Y. and Yamamoto, Y. 1986. Increase in the formation and nitrogen fixation of 
soybean nodules by vesicular - arbuscular mycorrhiza. Plant cell Physiol. 27 : 399 -
405. 
Kehri, H. K. and S. Chandra 1989. Interaction of Glomus fasciculatum and 
Macrophomina phasiolina in chickpea. J. Ind. Bot. Soc. 68 : 363. 
Kehri, H. K. and S. Chandra 1989. Mycorrhizal association in certain leguminous weeds. 
Sci. Letters Nat. Acad. Sci. India, 12 : 15. 
Kehri, H. K. and S. Chandra 1990. Mycorrhizal association in crop under sewage 
^farming. J. Ind. Bot. Soc. 69 : 267. 
1% 
Kehri, H. K., S. Chandra and S. Maheswari 1987. Occurrence and intensity of VAM in 
weeds ornamentals and cultivated plants at Allahabad and areas adjoining it. In: 
mycorrhiza Round Table Proc Workshop, Delhi. (Eds., Verma, A. K., A. K. Oka, K. 
G. Mukeiji, K. V. B. R. Tilak and J. Raj). International Development Research 
Centre, Canada pp 273. 
Kehri, S. S., H. K. Kehri and S. Chandra. 1995. In mycorrhizae : Biofertilizer for the 
fiiture. (Eds. Adholeya, A. and S. Singh) TERI Pub. pp 388 - 389. 
Kellam, M. K. and N. C. Schenck 1980. Interaction between vesicular - arbuscular 
mycorrhizal fungus and root - knot nematode on soybean. Phytopathology 70 : 293 -
296. 
Kendrick, B. and S. Berch 1985. Mycorrhizae : Application in agriculture and forestry. 
In: Comprehensive Biotechnology vol 4 (Ed. Robinson, C. W.) Pergamon Press. 
Oxford, pp 109-150. 
Khalil, S., T. E. Loynachan and H. S. McNabb Jr. 1992. Colonization of soybean by 
mycorrhizal fimgi and spore populations in Jawa soils. Agronomy J. 84 : 832 - 836. 
Khaliq, A., A. Muhammad, Z. A. Zahir and K. Muhammad 1997. Effect of vesicular -
arbuscular mycorrhizal (VAM) inoculation and phosphorus application on maize {Zea 
mays L.) seedlings. SarhadJ. Agric. 13 :481 - 484. 
Khan, A. G. 1975. The effect of vesicular - arbuscular association on the growth of 
cereals. II. Effect on wheat growth. Ann. App. Biol. 80 : 27 - 36. 
Khan, H. A., S. A. Khan, F. Qamar and N. Seema 1992. Preliminary studies on seed 
dressing of Luffa aegiplica with Paecilomyces lilacinus against Meloidogyne 
incognita acrita during the germination of seed. Sarhad, J. Agric. 8 : 227 - 230. 
Khan, M. W. and M. Kulshrehtra 1995. Impact of fly ash on vesicular - arbuscular 
mycorrhizal fungus and root nodulation in black gram. Mycorrhiza : Biofertilizers for 
the future (Eds. Adholiya A. and S. Singh) TERI, Pub. New Delhi, pp 29 - 32. 
Khan, M. W. and M. N. Esfahani 1990. Efficacy of Paecilomyces lilacinus for controlling 
Meloidogyne javanica on tomato in greenhouse in India. PakJ. Nematol. 8 : 95 -100. 
Khan, T. A. and S. I. Husain. 1988. Effect of individual concomitant and sequential 
inoculations of Rhizobium, Rotylenchulus reniformis, Meloidogyne incognita and 
Rhizoctonia solani on cowpea plant growth, disease development and nematode 
multiplication. Indian J. Nematol. 18 : 232 - 238. 
Khan, T. A. and S. I. Hussain 1990. Biological control of root - knot and reniform 
nematodes and root - rot fungus on cowpea. Bioved. 1 : 19-24. 
196 
Khan, T. A. and S. T. Khan 1995. Effect of NPK on disease complex of papaya caused by 
Meloidogyne incognita and Fusarium solani. Pak. J. Nematol. 13 : 29 - 34. 
Kinden, D. A. and M. Brown 1975. Electron microscopy of vesicular - arbuscular 
mycorrhiza of yellow poplar. II. Interacellular hyphae and vesicles. Can. J. 
Microbiol. 21 : 1768. 
Kleinschmidt, G. O. and J. W. Gerdemann 1972. Stunting of citrus seedlings in fumigated 
nursery soils related to the absence of endomycorrhizae. Phytopathology 62 : 1447 -
1453. 
Koch, M., Z. Tanami, H. Bodani, S. Wininger and Y. Kapulink 1997. Field appUcation of 
vesicular arbuscular mycorrhizal fungi improved garlic yield in disinfected soil. 
Mycorrhiza 7 : 47 - 50. 
Kosslak, R. M. and Bohlool, B. B. 1984. Suppression of nodule development of one side 
of a split - root system of soybeans caused by prior inoculation of the other side. 
Plant Physiol. 15: 125-130. 
Kotkon, J. B., G. W. Bird, L. M. Rose and K. Dimoff 1985. bifluence of Glomus 
fasciculatum and Meloidogyne hapla on Allium cepa in organic soils. J. Nematol. 17 
: 55 - 60. 
Krishna Prasad, K. S. 1991. Influence of a vesicular-arbuscular mycorrhiza on the 
development and reproduction of root-knot nematode affecting flue cured tobacco. 
Afro. Asain. J. Nematol. 1 : 130 -134. 
Krishna, K. R. and D. J. Bagyaraj 1982. Influence of vesicular arbuscular mycorrhiza on 
growth and nutrition oiArachis hypogaea. Legume Res. 5: 18-22. 
Krishna, K. R. and D. J. Bagyaraj 1983. Changes in the free amino nitrogen and protein 
fractions of groundnut caused by inoculation with VA - mycorrhiza. Ann. Bot. 51 : 
399. 
Krishna, K. R. and D. T. Dart 1984. Effect of mycorrhizal inoculation and soluble 
phosphorus fertilizer on growth and phosphorus uptake of pearl millet. Plant and Soil 
81 : 274 - 25. 
Krishna, K. R., A. N. Balakrishna and D. J. Bagyaraj 1982. Interaction between a 
vesicular - arbuscular mycorrhizal fungus and Streptomyces cinnamoneous and their 
effects on finger millet. Newphytol. 92 : 401 - 405. 
Krishna, K. R., Shetty, K. G., Dart, P. J., and Andrews, J. 1985. Genotype dependent 
variation in mycorrhizal colonization and response to inoculation of pearl millet. 
Plant and Soil 86 : 113-125. 
197 
Kruckelmann, H. W. 1975. Effect of fertilizers, Soils, Soil tillage and plant species on the 
frequency of Endogone chlamydospores and mycorrhizal infection in arable soils. In: 
Endomycorrhizas (Eds. Sanders, F. E., B. Mosse and P. B. Tinker), Academic Press. 
London, pp 511 - 525. 
Kshiragar, C. R., V. K. Mandhare, H. B. Kalbhor and P. L. Patil 1994. Response of onion 
to Azotobacter and VA mycorrhizal inoculation along with phosphorus level. Indian 
Phytopath. 47:63-65 
Kucy, R. M. N. and E. A. Paul, 1980. Carbon flow, photosynthesis and Nj fixation in 
mycorrhizal and nodulated faba beans (Viciafaba L.). Soil Biol. Biochem. 14 : 407 -
412. 
Kuhn, K. D., H. C. Weber, H. W. Dehne and N. A. Gworgwor 1991. Distribution of 
vesicular-arbuscular mycorrhizal fungi on a fallow agriculture site. 1. Dry habitat. 
Angewandte Botanik 65 : 169 - 185. 
Kuo. C. G. and R. S. Haung 1982. Effect of vesicular arbuscular mycorrhizae on the 
growth and yield of rice - stubble cultured soybeans. Plant and Soil 64 : 325. 
Lamar, R. T. and C. B. Cavey 1988. Comparative effectivity of three Fraxinus 
Pennsylvania Marsh. Vesicular - arbuscular mycorrhizal fimgi in high phosphorus 
nursery soil. New Phytol. 109 : 171 - 181. 
Levy, Y., J. P. Syvertsen and S. Nemec. 1983. Effect of drought stress and vesicular 
arbuscular mycorrhiza on citrus transpiration and hydraulic conductivity of roots. 
New Phytol. 9i-.ex. 
Lin - Xian, G. and H. W. Yin 1988. Effect of VAM inoculation on growth of several 
kinds of plants. In: Mycorrhizae for Green Asia. (Eds. Mahadevan, A., N. Raman and 
K. Natarajan). University of Madras, Madras, pp 231 - 232. 
Lin, M. S., M. A. Ma, S. W. Shen and G. F. Mao 1993. Culture of the fungus 
Paecilomyces lilacinus and its use in the control of the tomato root-knot nematode. 
Meloidogyne incognita. Chinese. J. Biol. Control 9 : 116 - 118. 
Linder, R. C. 1944. Rapid analytical methods for some of the more common inorganic 
constituents of plant tissue. Plant Physiol. 19 : 76 - 89. 
Linderman, R. G. 1985. Microbial interaction in mycorrhizosphere. In: Proc. 6^^ Nat. 
Am. Conf. on Mycorrhizae (Ed. Molina, R.) pp 117 - 120. 
Linderman, R. G. 1988. VA (Vesicular - Arbuscular ) mycorrhizal symbiosis. ISl Atlas 
of Science, Animal and Plant Science Section 1 : 183 - 188. 
.!08 
Linderman, R. G. and T. C. Paultiz 1990. Mycorrhizal - rhizobacterial interactions. In: 
Biological Control of Soil-borne plant pathogen. (Ed. Hornby, D.). AB International, 
Wallingford, U. K. pp 261 - 283. 
Lingaraju, S. and B. K. Goswami 1993. Influence of a mycorrhizal fungus Glomus 
fasciculatum on the host-parasite relationship of Rotylenchulus reniformis in cowpea. 
Indian J. Nematol. 23 : 137 -141. 
Loveys, R. R. and A. F. Bird 1973. The influence of nematodes on photosynthesis in 
tomato plants. Physiol. Plant Pathol. 3 : 525 - 529. 
Lu, S. and M. H. Miller 1989. The role of VA mycorrhizae in the absorption of P and Zn 
by maize in field and growth chamber experiments. Can. J. Soil 5a. 69 : 97 -109. 
Luis, E. M. and M. B. Brown 1986. Field evaluation of two VAM on rice in an acid 
upland condition. Proc. 17^^ Ann. Conf. PCCP. Philippine pp 35. 
Lundegardh, H. 1951. Leaf analysis (translated by R. L. Metchell), Hilger and Hatts Ltd., 
London pp. 65-66. 
Macgado, J. O., I. B. de - Aguiar, D. A. Banzotto, S. V. Valeri, R. Meiranda and E. F. da -
Silva 1988. Effects of inoculations of endomycorrhizal fungi on the development of 
Eucalyptus citriodora seedlings in various substrate. Brasil Florestal. 15 : 25 - 31. 
Mac-Guidwin, A. E., G. W. Bird and G. R. Safir 1985. Influence oi Glomus fasciculatum 
on Meloidogyne hapla infecting Alluium cepa. J. Nematol. 17 : 389 - 395. 
Mahaveer, P. S., S. Bhargava, M. K. Verma and A. Adholeya 1994. Interaction between 
the endomycorrhizal fungus Glomus fasciculatum and root - knot nematode 
Meloidogyne incognita on tomato. Indian J. Nematol. 24 : 133 -139. 
Maheswari, T. U. and A. Mani 1988. Combined efficiency of Pasteuria penetrans and 
Paecilomyces lilacinus on the biocontrol of Meloidogyne javanica on tomato. Inter. 
Nematol. Netw. Newsl. 5 : 10 - 11. 
Mahmood, I and Z. A. Siddiqui 1993. Integrated management of Rotylenchulus 
reniformis by green manuring and Paecilomyces lilacinus. Nematol. Medit. 21 : 285 -
287. 
Maksoud, M. A., L. F. Haggag. M. A. Azzazy and R. N. Saad 1994. Effect of VAM 
inoculation and phosphorus application on growth and nutrient content (P and K) of 
Tamarindus indica L. (tamarinds) seedlings. Ann. Agric. Sci. 39 : 355 - 363. 
Mancini, G., A. Cotrones and F. Moretti 1983. Response of three pines to parasitism by 
Helicotylenchus digonicus (Nematode; Hoplolaimidae). Europ. J. Forest Path. 13 : 
245 - 250. 
199 
Mani, A. and C. L. Sethi. 1987, Interaction of root knot nematode. Meloidogyne 
incognita with Fusarium oxysporum f. sp. ciceri and F. solani on chickpea. Ind. J. 
Nematol. 17 : 1-6. 
Manjunath, A. and D. J. Bagyaraj 1984. Response of pigeonpea and cowpea to phosphate 
and dual inoculation with vesicular - arbuscular mycorrhiza and Rhizobium. Tropical 
Agric. 61 : 48 - 52. 
Manjunath, A., D. J. Bagyaraj and H. S. Gopala Gowada, 1984. Dual inoculation with 
VA mycorrhiza and Rhizobium is bene^cial to Leucaena. Plant and Soil 78 : 445 -
448. 
Marban-Mendoza, N., E. R. Carcia, M. B. Dicklow, and B. M. Zukerman 1992. Studies 
on Paecilomyces marquendii for nematode suppressive chinampa soil. J. Chem. Ecol. 
18,775 - 783. 
Marks, C. F. and R. M. Sayre 1964. The effect of potassium on the rate of development of 
root - knot nematode, Meloidogyne incognita, M.Javanica and M. hapla. 
Nematologica 10 : 323 - 327. 
Martensson, A. M. and K. Carlgren 1994. Impact of phosphorus fertilization on VAM 
diaspores in two Swedish long - term field experiment. Agric Ecosystem Environ. 41 
: 327 - 334. 
Marx, D. H. and W. C. Bryan 1971. Influence of ectomycorrhizae on survival and growth 
of aseptic seedlings of loblolly pine at high temperature. Forest Sci. 17 : 37. 
Medina, O. A., A. E. Kretshmer Jr., D. M. Sylvia 1988. The occurrence of VA 
mycorrhizal fungi on tropical forage legvunes in South Florida. Tropical Grasslands 
22 : 73 - 78. 
Mehrotra, V. S. and U. Bajal 1994. Advances in the taxonomy of VAM fimgi. In: 
Biotechnology in India. (Eds. Dwivedi, B. K. and G. Pandey). Allahabad, Bioved 
Research Society, pp 277-286. 
Mehrotra, V. S. and U. Bajal 1994. Effect of vesicular arbuscular mycorrhiza on the 
grov^h and nutrition of sunflower plant at different levels of added N and P fertilizers. 
Proc. National Acad. Sci. India. Section B - Biological Sciences 64: 299-304 
Menge, J. A., D. Steirle, D. J. Bagyaraj, E. L. V. Johnson and R. T. Leonard 1978. 
Phosphorus concentration in plants responsible for inhibition of mycorrhizal infection. 
New Phytol. SO: 575-57S 
200 
Menge. J. A., S. Nemec, R. M. Davis and V. Minassian 1997. Mycorrhizal fungi 
associated with citrus and their possible interactions with pathogens. Proc. Int. Soc. 
Citricult. 3: 872 
Mengel, K and E. A. Kirkby 1979. Principles of plant nutrition. International Potash 
Institute. Bern. Switzeriand pp 280-292. 
Meon, S., H. R. Wallace and J. M. Fisher 1978. Water relations of tomato {Lycopersicon 
esculentum Mill. cv. Early Dwarf Red) infected with Meloidogyne javanica (Treub), 
Chitwood. Physiol Plant Pathol. 13: 275-281. 
Meyer, J. R. and R. G. Linderman 1986. Selective influence on population of rhizosphere 
actinomycetes or rhizosphere bacteria by mycorrhiza formed by Glomus fasciculatum. 
Soil Biol. Biochem. 18: 191. 
Miller, P. M., J. S. Taylor and S. E. Wirhein 1968. The effect of cellulosic soil 
amendments and fertilizers on Heterodera tabacum. Plant Dis. Reptr. 52: 441 - 445. 
Miller, R. M., B. A. D. Hetrick and G. W. T. Wilson 1997. Mycorrhizal fimgi affect root 
stele tissue in grasses. Can. J. Bot. 75: 1778-1784. 
Miller, T. C , S. Rajapakse Jr. and R. K. Garber 1986. Vesicular-arbuscular mycorrhizae 
in vegetable crops. Hort. Sci. 27: 974. 
Mishra, A. 1996. Interaction of Glomus fasciculatum, Meloidogyne incognita and 
herbicide in tomato. J. Res. BirraAgri. Univ. 8: 25-31. 
Mishra, A. and B. N. Shukla 1997. Interaction between Glomus fasciculatum and 
Meloidogyne incognita on tomato. J. Mycol. PI. Pathol. 27: 199-202 
Mittal, N., M. Sharma, G. Sexena and K. G. Mukeiji 1991. Effect of VA mycorrhiza on 
gall formation in tomato roots. Plants cell incompatibility Newsl. 23: 39-43. 
Mohankimiar, V., S. Ragupathy, C. B. Nirmala and A. Mahadevan 1988. Distribution of 
vesicular-arbuscular mycorrhizae (VAM) in the sandy beach soils of Madras Coast. 
Current Sci. 57: 367-368. 
Morandi, D. 1987. VA mycorrhizae, nematodes, phosphorus and phytoalexins on 
soybean. In: Mycorrhizae in the Next Decade. Practical Application and Research 
Priorities. (Eds. Sylvia, D. M., L. L. Hung and J. H. Graham). University of Food 
and Agricultural Sciences, University of Florida, Gainesville pp 38. 
Morton, J. B. and G. L. Benny 1990. Revised classification of arbuscular mycorrhizal 
fimgi (Zygomycetes); a new order, Glomales, two new sub-orders, Glomineae and 
Gigasporineae with on emendation of Glomaceae. Mycotaxon 37 : 471 - 491. 
'A'-i 
Mosse, B. 1973. Advances in the study of vesicular-arbuscular mycorrhiza. Ann. Rev. 
Phytopath. 17: 171. 
Mosse, B. 1976. In: Rhizobium symbiosis in Tropical Agriculture. (Eds. Vicent, J. M., 
A. S. Whitney and E. Bose). University of Hawaii, Honolulu, pp 275-280. 
Mosse, B. 1977(a). The role of mycorrhiza in legume nutrition on marginal soils. In: 
Exploiting the legume rhizobium symbiosis. Tropical Agriculture (Ed. Vincent, J. 
M.). pp 285-292. 
Mosse, B. 1977(b). Plant growth responses to vesicular - arbuscular mycorrhiza responses 
of Stylossanthes and maize inoculation in imsterile soils. New Phytol. 78: 277. 
Mosse, B. 1981. Vesicular-arbuscular mycorrhiza research for tropical agriculture. 
Research Bulletin. Hawaii Institute of Tropical Agricultural and Human Resources. 
pp82. 
Mosse, B. 1986. Mycorrhiza in a sustainable agriculture. Biol. Agric. Hort. 3: 143-152. 
Mosse, B., C. L. Powell and D. S. Hayman 1976. Plant growth response to vesicular-
arbuscular mycorrhiza. IX. Interaction between VA - mycorrhiza, rock phosphate 
and symbiotic fixation. New Phytol. 76: 331 - 342. 
Mosse, B., D. S. Hayman and D. J. Arnold. 1973. Plant growth responses to vesicular 
arbuscular mycorrhizae. V. Phosphate uptake by three plant species from P deficient 
soils labelled with "P. New Phytol. 72: 809-815. 
Muhammad, Z. and F. Hussain 1995. Effect of light on the development of vesicular-
arbuscular mycorrhizal (VAM) association in Salvia hispanica L. SarhadJ. Agric. 11: 
527-533. 
Mukerji, K. G. 1995. Taxonomy of endomycorrhizal fungi. In: Advances in Botany. (Eds. 
Mukerji, K. G. B. Mathur, B. P. Chamola and P. Chitralekha), APH Publishing 
Corporation, New Delhi, India, pp 212-218. 
Mukerji, K. G. and R. K. Dixon 1992. Mycorrhizae in Re-forestation. In: Rehabitation of 
Tropical Rainforest Ecosystem Research and Development Priorities. (Eds: Majid, N. 
M., A. A. Malik, M. Z. Hamzah Ab and K. Jussoff), Salanagar, Malaysia: University 
pertanian Malaysia, pp 62-82. 
Munns, D. N. and B. Mosse 1980. Mineral nutrition of legume crops. In: Advances in 
Legume Science. (Eds. Summerfield, R. J. and A. H. Bunting), University of 
Reading England, pp 115. 
202 
Murdoch, C. L., J. A. Jokobs and J. W. Gerdemann 1967. Utilization of phosphorus 
sources of different availability by mycorrhizal and non - mycorrhizal maize. Plant 
and Soil 21:329-334. 
Muthukumar, T., K. Udaiyan and S. Manian 1996. Vesicular-arbuscular mycorrhizae in 
tropical sedges of southern India. Biology and Fertility of Soils. 22: 96-100. 
Myugu, S. G. 1956. The nutritional physiology of the gall nematodes {Meloidogyne 
incognita). Doklady Akademii Nauk. SSSR. 108: 164-165. 
Nadian, H., S. E. Smith, A. M. Alston and R. S. Murray 1996. The effect of soil 
compaction on growth and P uptake by Trifolium subterraneum interaction with 
mycorrhizal colonization. Plant and Soil 182: 39-49. 
Nadian, H., S. E. Smith, A. M. Alston and R. S. Murray 1997. Effects of soil compaction 
on plant growth phosphorus uptake and morphological characteristics of vesicular -
arbuscular mycorrhizal colonization of Trifolium subterraneum. New Phytol. 135: 
303-311. 
Nelson, C. E., N. C. Bolgiano, S. C. Furatuni, G. R. Safir and B. H. Zandstra 1981. The 
effect of soil phosphorus levels on mycorrhizal infection of field grown Onion plants 
and on mycorrhizal reproduction. J. American Soc. Horti. Sci. 106: 786-788. 
Nelson, D. W., L. E. Sommers 1972. A simple digestion procedure for estimation of total 
nitrogen in soils and sediments. J. Environ Quality 1 : 139 - 145. 
Noe, J. P. and J. N. Sasser 1995. Evaluation of Paecilomyces lilacinus in reducing yield 
losses due to Meloidogyne incognita. Proc. 1st Int. Cong. Nematol. Canada pp 69. 
Norton, D. C. 1978. Ecology of plant parasitic nematodes. John Wiley and Sons; New 
York, pp 268. 
Novaretti, W. R. T., L. L. Dinard, L. C. Totino and J. StrabeUi 1986. Effect of the 
^plication of both the fungus Paecilomyces lilacinus and the nematicide Furadan 5 G 
on the control of nematodes on sugarcane. Nematologia Brasileiria 10 : 133 -144. 
Nutman, P. 1965. The relation between nodule bacteria and the legume host in the 
rhizosphere and in the process of infection. In Ecology of Soil borne Plant 
Pathogens, Prelude to Biological Control, (Eds. K. F. Baker and W. C. Snyder) 
University of California Press. Berkeley, pp. 231 - 247. 
O' Baimon, J. H. and H. W. Reynolds 1965. Water consumption and growth of root-knot 
nematode - infected and uninfected cotton plants. Soil Sci. 99 : 251 - 252. 
203 
0 ' Bannon, J. H. and S. Nemec 1979. The response of citrus lemon seedling to a 
symbiont. Glomus etunicatum and a pathogen, Radopholus similis. J. Nematol. 11 : 
270 - 275. 
0 ' Bannon, J. H., R. N. Inserra, S. Nemec and N. Vovlas 1979. The influence of Glomus 
mosseae on Tylenchulus semipenetrans infected and uninfected citrus lemon seedling. 
J. Nematol. 11 : 247 - 250. 
Okafor, N. 1967. Decomposition of chitin by microorganism isolated from a temperate 
and a tropical soil. Nova Hadwiga 13 : 209 - 226. 
Oliveira, A. A. R. and L. Zambolin 1986. Interaction between the endomycorrhizal 
fungus Glomus etunicatum and the gall nematode Meloidogyne javanica at different 
phosphorus levels on bean {Phaseolus vulgaris). Fitopathologia Brasileria. 11 : 216 
-217. 
Oliveria, A. A. R. and L. Zambolin 1988. Influence of different inoculum levels on the 
interaction between Glomus etunicatum and Meloidogyne javanica on bean. 
Pesquisa Agropecuria Brasileria. 23 : 371 - 378. 
Omar, S. A. 1995. Growth effect of the vesicular-arbuscular mycorrhizal fungus Glomus 
constrictum on maize plants in pot trials. Folia Micarobiologia 40 : 503 - 507. 
Osman, H. A., A. M. Korayem, H. H. Ameen and S. M. S. Badr - Eldin 1990. Interaction 
of root - knot nematode and mycorrhizal fungi on common bean Phaseolus vulgaris 
L. Anzerigerfur Schadlingskunde Pflanzenschutz Vmweltschutz 63 : 129-131. 
Osman, H. A., A. M. Korayem, H. W. Ameen and S. M. S. Badr - Eldin 1991. Interaction 
of root - knot nematode and mycorrhizal fungi on common bean {Phaseolus vulgaris 
L.). BeitrageZur Tropischen Landwirtchqfr and Veterinal Medizin. 29 : 341 - 346. 
Oteifa, B. A. 1952. Potassium nutrition of the host in relation to infection by root - knot 
nematode Meloidogyne incognita Proc. Helminthological Soc. Washington 19 : 99 -
109. 
Oteifa, B. A. 1953. Development of root - knot nematode Meloidogyne incognita, as 
affected by potassium nutrition of the host. Phytopathology 43 : 171 - 174. 
Oteifa, B. A. 1955. Nitrogen sources of host nutrition and relation to infection by root -
knot nematode, Meloidogyne incognita. Plant Dis Reptr. 39 : 902 - 903. 
Owens, R. G. and H. M. Specht 1966. Biochemical alterations induced in host tissues by 
root - knot nematodes. Contribution ofBoyce Thompson Institute 23 : 181 - 198. 
204 
Owusu Bennoah, E. and B. Mosse 1979. Plants growth responses to vesicular-arbuscular 
mycorrhiza XI. Field inoculation responses in barley lucerne and onion. New Phytol. 
83:671. 
Pacovsky, R. S., G. Fuller, A. E. Stafford, and E. A. Paul 1986. Nutrient and growth 
interaction in soybeans colonized with Glomus fasciculatum and Rhizobium 
japonicum. Plant Soil 92 : 37 - 45. 
Padmavathi, T., J. Veeraswamy and K. Venkateshwaralu 1991. The distribution 
abundance and mycorrhizal association in foxtail - millet field. J. Indian Bot. Soc. 70 
: 193-195. 
Palacino, J. H. and C. J. Leguizamon 1991. Interaction of Glomus manihotis and 
Meloidogyne incognita on yellow and red pitaya under nursery conditions 
Fitopatologia Colombiana 15 : 9 - 17. 
Pandey. R. and P. C. Trivedi 1992. Biological control of Meloidogyne incognita by 
Paecilomyces lilacinus in Capsicum annum . Indian Phytopath. 45: 134 - 135. 
Pang, P. C. and E. A. Paul 1980. Effects of vesicular-arbuscular mycorrhiza on '''C and 
"N distribution in nodulated faba beans. Can. J. Soil. Sci. 60 : 241 - 250. 
Panse, V. G. and P. U. Sukhatme 1985. Statistical methods or agricultural works. 
Publication and information Division. ICAR. New Delhi, pp 355. 
Pant, v., S. Hakim and S. K. Saxena. 1983. Effect of different level NPK on the growth 
of tomato Marglobe and on the morphometric of the root - knot nematode, 
Meloidogyne incognita. Indian J. nematol. 13: 110- 113. 
Parke, J. L., R. G. Linderman and C. H. Black 1983. The role of ectomycorrhizas in 
drought tolerance of Dougles fir seedling. New Phytol. 95 : 83. 
Parvathi, K., K. Venkateshwaralu and A. S. Rao 1984. Occurrence of VA mycorrhizas on 
different legumes in laterite soil. Curr. Sci. 53 : 1254. 
Parveen, S., S. E. Haque and A. Gaffar, 1993. Biological control of Meloidogyne 
javanica on tomato and okra in soil infested with Fusaruim oxysporum. Pak. J. 
Nematol. n:\S\-\56. 
Pasolon, Y. B., H. Hirata and N. J. Barrow 1993. Effect of white clover {Trifolium repens 
L.) intercropping on growth and nutrient uptake of upland rice {Oryza sativa L.) in 
relation to VA - mycorrhizae and soil fertility. Plant nutrition fi-om genetic 
engineering to field practice: Proceeding of the twelfth International plant Nutrition 
Coolquium, Perth, Western Australia pp 331 - 334. 
205 
Paulitz, T. C , and Linderman, R. G. 1989. Interactions between fluorescent 
pseudomonads and VA mycorrhizal fungi. New Phytol. 113 : 37 - 45. 
Payal - Mago, K. G. Mukerji and P. Mago 1994. Vesicular - arbuscular mycorrhizal in 
Lamiaceae 1. Seasonal variation in some members. Phytomorphology- 44 : 83 - 88. 
Pearson, V. and P. B. Tinker 1975. Measurement of phosphorus fluxes in the external 
hyphae of endomycorrhizas. In: Endomycorrhizas. (Eds. Sanders, F. E., B. Mosse. 
And P. B. Tinker). Academic Press London and New York, pp 277 - 287. 
Peng, S. B. and C. Y. Shen 1990. The occurrence and distribution of VA mycorrhizal 
fimgi (Endogonaceae) in China. Acta Agriculturae Vniverstitis Pekinensis 16 : 423 -
428. 
Pereira, E. G., J. 0. Siqueira, F. R. Vale and F. M. S. Moreira 1996. Influence of mineral 
nitrogen on growth and mycorrhizal colonization of tree seedlings. Pesquisa 
Agropecuaria Brasileiria 31 : 653 - 662. 
Phillips, J. M. and D. S. Hayman 1970. Improved procedures for clearing roots and 
obtaining parasitic and vesicular - arbuscular mycorrhizal fungi for rapid assessment 
of infection. Trans. Brit. Myco. Soc. 55 : 158 -161. 
Pinochet J., C. Calvet, A - Camprubi and C. Fernandez 1995. Interaction between the 
root-lesion nematode, Pratylenchus vulnus and the mycorrhizal association of Glomus 
intraradices on Santa Lucia 64 Cherry root stock. Plant and Soil 170 : 323 - 329. 
Plenchette, C. and I. Corpron. 1985. Influence of P and K fertilization on VA mycorrhizal 
fimgi population. In : mycorrhizal in the next decade practical application and 
research priorities. (Eds. Sylvia, D. M., L. L. Hung and J. H. Graham) Ganiesville pp 
35. 
Plenchette, C. V. Furlan and J. A. Fortin 1981. Growth and stimulation of apple trees in 
unsteriUzed soil under field condition with VAM inoculation. Can. J. Bot. 59 : 2003 -
2008. 
Ponge, J. F. 1991. Succession of fungi and fauna during decomposition of needles in a 
small area in scots pine litter. Plant and Soil 138 : 99 -113. 
Porter, W. M. 1979. The 'most probable number' method for enumerating infective 
propagules of vesicular - arbuscular mycorrhizal fiingi in soil. Aust. J. Soil Res. 17 : 
515-519. 
Porter, W. M., L. K. Abbott and A. D. Robson 1978. Effect of rate of application of 
superphosphate on populations of vesicular - arbuscular endophytes. Aust. J. Exp, 
Agric. Anim. Husb. 18 : 573 - 578. 
206 
Posta, K. and G.Fuleky 1997. Growth and phosphorus nutrition of mycorrhizal maize 
plants at different soil volumes and phosphorus supplies. Acta Agronomica Hungarica 
45:133-145. 
Powell, C. L. 1975. Potassium uptake by endotrophic mycorrhizae. In: Endomycorrhiza 
(Eds. Sanders, F. E., B. Mosse and P. B. Tinker). Academic Press, London, pp 461 -
468. 
Powell, C. L. and D. J. Bagyaraj 1982 (a). VA mycorrhizal fimgi. Plant and Soil 68 : 3. 
Powell, C. L. and D. J. Bagyaraj 1982 (b). VA - mycorrhizal inoculation of field crops. 
Proc. N. Z. Agron. Soc. 12 : 85. 
Powell, C. L. and D. J. Bagyaraj 1984. VA mycorrhiza. CRC Press Boca Raton FL. 234 
pp. 
Powell, C. L., M. Groters and D. M. Metcalfe 1980. Mycorrhizal inoculation of a barley 
crop in the field. N. Z. J. Agric Res. 23 : 107. 
Powell, N. T. 1979. International synergism among organisms inducing diseases. In: 
Plant Disease. An Advanced Treatise (Eds. Horsfall, J. G. and E. B. Cowling), 
Academic Press, New York. Vol. IV : 113. 
Prabhakaran J., G. Arjunan, K. B. Ravi and N. Ramamoorthy 1995. Performance of 
sorghum cultivars to vesicular - arbuscular mycorrhiza inoculation in Alfisol. In: 
Mycorrhizae: Biofertilizer for the future. (Eds. Adholoya, A. and S. Singh). TERI 
Pub. pp 403 - 406. 
Price, N. S., R. S. Hussey and R. W. Roncadori 1989. Tolerance of cotton to 
Meloidogyne incognita as influenced by phosphorus fertilizer and a vesicular -
arbuscular mycorrhizal fungus. Ann. ApplBiol. 115 : 461 - 467. 
Price, N. S., R. W. Roncadori and R. S. Hussey 1995. The growth of nematode 'tolerant' 
and 'intolerant' soybeans as affected by phosphorus Glomus intraradices and light. 
Plant Pathol. 44-.597-603. 
Purcino, A. A. C , Lurlarp, C , and J. Q. Lynd 1986. Mycorrhiza and soil fertility effects 
with growth, nodulation and nitrogen fixation of Leucaena grown on a typical 
eutruslox. Commum. Soil Sci. PI. Anal, 11: 413- 489. 
Raghupthy, S. and A. Mahadevan 1993. Distribution of vesicular-arbuscular mycorrhizae 
in the plants and rhizosphere soils of the tropical plains. Tamil Nadu, India. 
Mycorrhiza 3: 126- 136. 
?07 
Rajapakse, S., D. A. Zubeber and J. C. Miller Jr. 1989. Influence of phosphorus level on 
VA mycorrhizal colonization and growth of cowpea cultivars. Plant and Soil 114: 45 
-52. 
Raju, P. S., R. B. Clark, J. R. Ellis and J. W. Maranville 1990. Effect of species of VA 
mycorrhizal fungi on growth and mineral uptake of sorghum at different temperatures. 
Plant and Soil \2\: 157-164. 
Raju, P. S., R. B. Clark, J. R. Ellis, R. R. Duncan and J. W. Maranville 1990. Benefit and 
cost analysis and phosphorus efficiency of VA mycorrhizal fungi colonizations with 
sorghum {Sorghum bicolour) genotype grown at varied phosphorus levels. In: Plant 
Nutrition physiology and Application (Ed. Bussichem M. L. Van) Wagening, 
Netherlands, Kunver Academic Publishers pp 165 -170. 
Ramanujam. S. 1997. Handbook of Agriculture. ICAR publication. New Delhi pp 839-
844. 
Rambelli, A 1973. The rhizophere of mycorrhizae. In: Endomycorrhizae (Eds. Marks G. 
L. and T. T. Kozlowsi), Academic Press, New York, pp. 293 - 342. 
Ramraj, B and N. Shanmugam 1990. Effect of vesicular - arbuscular mycorrhizal 
inoculation on cowpea: A field study. In: Mycorrhizal Symbiosis and Plant Growth 
(Eds. Bagyaraj, D. J. and A. Manjunath). Mycorrhiza Network Asia and University of 
Agricultural Sciences, Bangalore Pub. pp 84-85. 
Rangaswami, G. 1990. Mycorrhiza - The beneficial fungal plant association. In: 
Mycorrhizal Symbiosis and Plant growth. (Eds. Bagyaraj, D. J. and A. Manjunath) 
mycorrhiza Network Asia and University of Agricultural Sciences, Bangalore Pub. 
pp. 1-137. 
Rani, R. and K. G. Mukerji 1988. The Taxonomy of Indian vesicular -arbuscular 
mycorrhizal fungus. In: Mycorrhiza for Greens Asia (Eds. Mahadevan, A., N, 
Raman and N. Natarajan). Alamu Printing work, Roypettah, Madras, India, pp. 103 -
105. 
Rao, M. S., P. P. Reddy and S. M. Das 1996. Effect of integration of Calotropis procera 
leaf and Glomus fasciculatum on the management of Meloidogyne incognita infesting 
tomato. Nematol. Medit. 24: 59 - 61. 
Rao, M. S., P. P. Reddy, S. M. Das and R. P. Tewari 1992. Management strategies 
involving the efficient use of certain botanicals against root - knot nematode and 
mushroom nematode. 1st Afro - Asian Nematol. Symp. Aligarh, India, pp 26. 
Rao, V. P., S. E. Pawar and S. N. Singh 1990. Distribution and intensity of native VAM 
in Maharastra region. In: Trend in mycorrhizal research. (Eds. Jalali, B. L. and H. 
Chand) pp 230-232. 
208 
Rathore, V. P. and H. P. Singh 1995. Quantification and correlation of vesicular -
arbuscular mycorrhizal propagules with soil properties of some moUisols of northern 
Inida. Mycorrhiza 5: 201 - 203. 
Ratnayake, M., R. T. Leonard and J. A. Menge 1978. Root exudation in relation to supply 
of phosphorus and its possible relevance to mycorrhizal formation. New Phytol. 81: 
543 - 552. 
Raverkar, K. P. and K. V. B. R. Tilak 1988. Relative efficiency of different VAM on 
soybean (Glyine max) under varying levels of phosphorus. In: mycorrhizae for Green 
Asia. (Eds. Mahadevan, A., N. Raman and K. Natarajan). University of Madras, 
Madras, pp 162 -165. 
Ravnskov, S. and I. Jakobsen 1996. Functional compatibility in arbuscular mycorrhizas 
measured as hyphal P transport to the plant. New Phytol. 125: 611-618. 
Reddy, B. and D. J. Bagyaraj 1990 Response of pigeonpea to vesicular-arbuscular 
mycorrhizal colonization in an alfisol. In: Mycorrhizal Symbiosis and plant growth. 
(Eds. Bagyaraj, D. J. and A. Manjunath). Mycorrhiza network Asia and University of 
Agricultxiral Sciences, Bangalore Pub. pp 64-66. 
Reddy, P. P. 1974. Studies on the action of amino acid on the root-knot nematode, 
Meloidogyne incognita, Ph.D. Thesis, University of Agricultural Sciences, Bangalore, 
India, 276p. 
Reddy, P. P. and R. M. Khan 1988. Evaluation of Paecilomyces lilacinus for the 
biological control of Rotylenchulus reniformis infecing tomato compared with 
caibofiiran. NematolMedi. 16: 113-115. 
Reddy, P. P. and R. M. Khan 1989. Evaluation of biocontrol agent Paecilomyces lilacinus 
and Carbofuran for the management of Rotylenchulus reniformis infecting brinjal 
compared with carbofuran. Pak. J. Nematoltl: 55 - 59. 
Redente, E. F. and F. G. Reeves 1981. Interactions between vesicular - arbuscular 
mycorrhiza and Rhizobium and their effect on sweetveltch growth. Soil Sci. 132 : 410 
-415. 
Reyes - Solis, M. G. and R. Ferrera - Cerrato 1992. Symbiotic relationships of vesicular -
arbuscular mycorrhizae and the herbaceous strata of Zoquiapan forest, Mexico. 
Ravista - Latinoamericana -de - Microbiologia 34: 305 - 312. 
Rhodes, L. H and J. W. Gerdemann 1975. Phosphate uptake zones of mycorrhizal and 
non - mycorrhizal onions. New Phytol. 75: 551 - 561. 
2C»9 
Rhodes , L, H. and J. W. Gerdemann 1978(a). Hypha l t rans locat ion and uptake of sulphur 
by vesicular - arbuscular mycorrh izae of onions . Soil Biol. Biochem. 10: 355 - 360. 
Rhodes , L. H. and J. W. Gerdemann 1978(b). Trans locat ion o f ca lc ium and phosphate by 
external hyphae of vesicular-arbuscular mycorrhizae. Soil Sci. 126; 125 - 126. 
Rich, J. R. and G. W. Bird 1974. Association of early season VAM with increased growth 
and development of cotton. Phytopathology 64: 1421 -1425. 
Riker, A. J. and R. S. Riker 1936. Introduction to Research on plant Diseases. John's 
swift Co. Inc. St. Louis Chicago, New York, Indianapolis, pp. 117. 
Rodriguez - Kabana, R., P. S. King and M. H. Pope 1981. Combination of an hydrous 
ammonia and ethylene dibromide for control of nematode parasitic on soybeans. 
Nematropica 11: 27 - 41. 
Rodriguez - Kabana, R., R. A. Shelby, P. S. King and M. H. Pope 1982. Combination of 
axihydrous ammonia and 1,3 dichloropropenes for control of root-knot nematode in 
soybean. Nematropica 12: 61 - 68. 
Rodriquez - Kabana, R. 1986. Organic and inorganic nitrogen amendments to soil as 
nematode suppressants. J. Nematol. 18 : 51 - 56. 
Roncadori, R. W and R. S. Hussey 1977. Interacion of endomycorrhizal fungus 
Gigaspora margarita and root - knot nematode on cotton. Phytopathology 61: 1507 -
1511. 
Roslycky, E. B. 1967. Bacteriocin production in the rhizobacteria. Can. J. Microbiol., 13 
:431. 
Ross, J. P. 1959. Nitrogen fertilization on the response of soybean infected with 
Heerodera glycines. Plant Dis. Reptr. 43: 1284-1286. 
Ross, J. P. 1970. Effect of phosphorus fertilization on yield of mycorrhizal and non -
mycorrhizal soybeans. Phyopahology 61: 1400-1403. 
Rovira, A. D., G. D. Bowen and R. C. Foster 1983. The significance of rhizosphere 
microflora and mycorrhizas in plant nutrition. In: Inorganic plant Nutrition. 
Encylopedia of plant physiology : New Series, Vol. 15A (Eds. Lauchli, A. and R. L. 
Bieleski) Springer-verlag, Heidelberg pp. 61 - 78. 
Ruehle, J. L. 1973. Nematodes and Forest trees; Types of damage to tree roots. Ann. 
Rev. Phytopath. 11: 99 - 118. 
Ryan, M. H., G. . Chilvers and D. C. Dumaresq 1994. Colonization of wheat by VA -
mycorrhizal fimgi was found to higher on a farm managed in an organic manner than 
on a conventional neighbour. Plant and Soil 88 : 213 - 221. 
21C 
Safir, G. 1968. The influence of vesicular - arbuscular mycorrhiza on the resistance of 
onion to Pyrenochaeta terrestris. M. S. thesis, Univ. Illinois. Urbana. pp 36. 
Safir, G. R. 1987. Ecophysiology- ofVA mycorrhizal Plants. CRC Press. Boca Raton, FL. 
pp 224. 
Safir, G. R., J. J. Boyer and J. W Gerdemann 1971. Mycorrhizal enhancement of water 
transport on soybean. Science 172: 581. 
Safir, G. R., J. J. Boyer and J. W. Gerdemann 1972. Nutrient status and mycorrhizal 
enhancement of water transport on soybean. Plant Physiol. 49: 700. 
Saggin, O. J. Jr., J. O. Siqueira, P. T. G. Guimaraes and E. Oliver 1994. Mycorrhizal 
fungi, superphosphate interactions and their effects on growth and nutrient content of 
coffee seedlings in non fumigated soil. Revista Brasiliera de Cincea do solo 18: 27 -
36. 
Saif, S. R. 1986. Vesicular-arbuscular mycorrhizae in tropical forage species as 
influenced by season, soil texture, fertilizers, host species and ecotypes. Angew 
Botanik 60: 125-139. 
Saif, S. R. 1987. Growth responses of tropical forage plant species to vesicular -
arbuscular mycorrhizae 1. Growth, mineral uptake and mycorrhizal dependency. 
Plant and Soil, 91: 25-35. 
Saikia, M. K. and A. K. Roy 1994. Efficacy of Paecilomyces lilacinus on the reduction of 
attack of Meloidogyne incognita on okra. Indian J. Nematol. 24 : 163 -167. 
Saleh, H. and R. A. Sikora, 1984. Relationship between Glomus fasciculatum root 
colonization of cotton {Gossypium hirsutum cultiavar Coker 201) and its effect on 
Meloidogyne incognita. Nematologica 30: 230 - 237. 
Sanders, F. E. 1975. The effect of foliar appHed phosphate on the mycorrhizal infection of 
onion roots. In: Endomycorrhizas. (Eds. Sanders, F. E., B. Mosse and P. B. Tinker). 
Academic Press, London, pp 262 - 276. 
Sanders, F. E. and P. B. Tinker 1973. Phosphate flow into mycorrhizal roots. Pestic. Sci. 
4: 385 - 395. 
Sankaranarayanan, C. and R. Sundarbabu 1994. Interaction of Glomus fasciculatum with 
Meloidogyne incognita inoculated at different timings on blackgram {Vigna mungo). 
Nematol. Medit. 22: 35 - 36. 
Sanni, S. O. 1976. VA - mycorrhiza in some Nigerian soil. The effect of Gigaspora 
gigantea on the growth of rice. New Phytol. 11: 673. 
21] 
Santhi, A. and R. Sundarbabu 1995(a). Effect of three species of VAM Viz.. Glomus 
fasciculatum, G. versiforme, G. etunicatum and root - knot nematode Meloidogyne 
incognita on cowpea growing in different types of soil. Int. J. Plant Dis. 13: 63 - 68. 
Santhi, A. and R. Sundarbabu 1995(b). Effect of phosphorus on the interaction of 
vesicular - arbuscular mycorrhizal fungi with Meloidogyne incognita on cowpea. 
Nematol. Medit. 23: 263 - 265. 
Sasser, J . N. 1972. Nematode disease of cotton. In: Economic nematology. (Ed. Webster, 
T. M.). Academic press, New York, pp 187-214. 
Sasser, J. N. 1980. Root-knot nematodes: A global menace to crop production. Plant 
Disease 64: 36-41. 
Sasser, J. N. 1989. Plant parasitic nematodes: The farmers hidden enemy. A co -
operative publication of the department of plant pathology and the consortium for 
international crop production, pp 115. 
Sasser, J. N. and C. C. Carter 1982. Over view of the international Meloidogyne project 
rationale, goals, implementation and progress to date. In: proceedings IMP Research 
planning Conference on Root - knot nematodes Meloidogyne spp. (Region III), 
Brazil, pp 3-13. 
Scheltema, M. A., L. K. Abbott, A. D. Robson and G. De' Ath 1985. Spread of Glomus 
fasciculatum through roots of Trifolium subterraneum and Lolium rigidum. New 
Phytol. 100: 105-114. 
Schenck, N. C. 1985. Vesicular-arbuscular mycorrhizal fimgi: 1950 to the present - The 
Era of enlightermient. In: Proc. 6^^ North Amer. Conf Mycor. (Ed. Randymolina) U. 
S. Forest Res. Lab. Gorvallis. OR. pp 56 - 60. 
Schenck, N. C. 1987. Vesicular - arbuscular mycorrhizal fungi and the control of fungal 
root diseases. In Innovative Approaches to Plant Disease Control (Ed. Chet I.), John 
Wiley and Sons, New York, 1987. 
Schenck, N. C. and M. K. Kellam 1978. The influence of vesicular arbucular mycorrhizal 
on disease development. Fla. Agric. Exp. Tn. Tech. Bull. pp. 798. 
Schenck, N. C. and R. A. Kinloch 1974. Pathogenic fungi, parasitic nematodes and 
endomycorrhizal fungi associated with soybean roots in Florida. Plant Dis. Reptr.SS: 
169-173. 
Schenck, N. C, R. A. Kinloch and D. W. Dichson 1975. Interaction of endomycorrhizal 
fungi and root - knot nematode on soybean. In: Endomycorrhizas. (Eds. Sanders, F. 
E., B. Mosse and P. B. Tinker) Academic Press. New York, pp 607 - 616. 
232 
Schenk, N. C. and V. Perez 1987. Mannualfor the identification of VA mycorrhizal fitngi 
Florida, University Gainesville, USA pp 245. 
Schmidt, S. K. and K. M. Scow 1986. Mycorrhizal fungi on the Galapagos Islands. 
Biotropica 18: 236 - 240. 
Schoenbeck F. 1979. Endomycorrhiza in relation to plant disease. In: Soil - borne plant 
pathogens (Eds. Schippers, B. and W. Goms). Academic Press, New York, pp 271 -
280. 
Schroth, M. N. and J. G. Honcock 1981. Selected topics in biological control. Ann. Rev. 
Microbiol. 35 : 453 - 476. 
Schubert, A. and D. S. Hayman 1986. Plant growth response to vesicular - arbuscular 
mycorrhiza. XVI. Effectiveness of different endophytes at different levels of soil 
phosphate. NewPhytol. 103: 79 - 90. 
Schultz, R. C , P. P. Kormanik, W. C. Bryan and G. H. Brister 1979. Vesicular -
arbuscular mycorrhiza influence growth but not mineral concentrations in seedlings of 
eight sweetgum famiUes. Can. J. Forest Res. 9: 218 - 223. 
Schwab, S. M., K. A. Menge and R. T. Leonard 1983. Comparison of stages of vesicular -
arbuscular mycorrhiza formation in sudangrass grown at two levels of phosphorus 
nutrition. American J. Bot. 70:1225 -1232. 
Secilia, J. and D. . Bagyaraj 1990. Response of upland rice to vesicular - arbuscular 
mycorrhizal fungi. In; Mycorrhizal Symbiosis and plant growth. (Eds. Bagyaraj, D. J. 
and A. Manjunath) Mycorrhiza Network Asia and University of Agricultural Sciences, 
Bangalore Pub pp 76-78. 
Seinhorst, J. W. (1970). Dynamics of populations of plant parasitic nematodes. Ann. 
Rev. Phytopath. 8,131 -156. 
Selvaraj, T., C. Kala, I. Vendan and C. Baskaran 1995. Influence of different inocula of 
vesicular-arbuscular mycorrhizal fungi on growth , organic compounds and nutrition 
of Physalis minima L. Acta. Bot. Indica 23: 99 - 103. 
Selvaraj, T., K. Kannan and C. Lakshminarashimhan 1986. Vesicular-arbuscular 
mycorrhizal fungi in root and scale like of Canna indica L. (Cannaceae). Curr. Sci. 
55: 728 - 730. 
Sharma, A. and P. C. Trivedi 1987. Screening of substrates suitable for the growth of 
Paecilomyces lilacinus. Int. Nematol. Network Newsl. 4: 24 - 26. 
215 
Sharma, G. C. and M. L. Khan 1995. Efficacy of different chemicals against root - knot 
nematode {Meloidog\'ne incognita) infecting tomato in vivo. Ann. Agric. Res. 16: 
351-353. 
Sharma, J. L., P. C. Trivedi, M. K. Sharma and B. Tyagi 1989. Biological control of 
Meloidogyne incognita using fungus Paecilomyces lilacinus grown on different rice 
levels. Indian J. Nematol. 19:282 - 283. 
Sharma, M. P., S. Bhargava, M. K. Verma and A. Adholeya 1995. Effect of vesicular -
arbuscular mycorrhizal fungus Glomus fasciculatum on survival and development of 
root - knot nematode Meloidogyne incognita in tomato. Mycorrhizae : Biofertilizer 
for the future. TERI pub. pp 331 - 335. 
Sharma, N. K. and C. L. Sethi 1976. Interaction between M. incognita, H. Cajani and 
Rhizobium spp. on cowpea (Vigna sinesis). Indian J. Nematol. 6 : 117 -123. 
Sharma, R. and P. C. Trivedi 1994. Interaction of root - knot nematode, Meloidogyne 
incognita and VA mycorrhizae, Glomus fasciculatum and Glomus mosseae on brinjal 
(Solanum melongena L)J. Indian Bot. Soc. 73: 221 - 224. 
Sheoran, R. S., B. D., Yadav and S. Ram 1991. Effect of biofertihzer (mycorrhiza) and 
nitrogen on forage yield and quality of sorghum and bajra. Inter. J. Trop. Agric. 9: 
306 - 308. 
Shukla, B. N. and N. Vanjare 1992. A new and simple technique for isolation of vesicular 
- arbuscular mycorrhizae spores. Inter. J. Plant Dis. 10: 147 - 148. 
Siddiqui, Z. A. and I. Mahmood 1992. Control of Meloidogyne incognita race 3 and 
Macrophomina phaseolina by ascorbic acid alone and in combination with 
Paecilomyces lilacinus on chickpea. Indian J. Plant Pathol. 10: 45 - 52. 
Siddiqui, Z. A. and I. Mahmood 1993. Biological control oiMeloidogyne incognita race 3 
and Macrophomina phaseolina by Paecilomyces lilacinus and Bacillus subilis alone 
and in combination on chickpea. Fundam. Appl. Nematol. 16: 215 - 218. 
Siddiqui, Z. A. and I. Mahmood 1994(a). Interactions of Meloidogyne javanica, 
Rotylenchuus reniformis, Fusarium oxysporum F. ciceri and Bradyrhizobium 
japonicum on wilt disease complex of chickpea. Nematol, Medit. IT. 135 - 140. 
Siddiqui, Z. A. and I. Mahmood 1994(b). Effect oiHeteiodera cajani and Fusarium udum 
by Bacillus subtilis, Bradyrhizobium japonicum and Glomus fasciculatum on 
pigeonpea. Nematropica 24: 103 - 111. 
Siddiqui, Z. A. and I. Mahmood 1995 (a). Role of plant symbionts in nematode 
management: A review. Biores. Technol. 54: 217 - 226. 
/14 
Siddiqui, Z, A. and I. Mahmood 1995(b). Biological control of Hcterodera cajani and 
Fusarium udum by Bacillus subtilis, Bradyrhizobium japonicum and Glomus 
fasciculatum on pigeonpea. Fundam. Appl. Nematol. 18: 559 - 566 
Siddiqui, Z. A. and I. Mahmood 1996. Biological control of Heterodera cajani and 
Fusarium udum on pigeonpea by Glomus mosseae, Trichoderma harzianum and 
Verticillium chlamydosporium. Israel J. Plant Sci. 44: 49 - 56. 
Siddiqui, Z. A. and S. 1. Husain 1991. Studies on the biological control of root - knot 
nematode. Curr. Nematol. 2 : 5 - 6 . 
Siddiqui, Z. A., A. H. Munshi and I.Mahmood 1996. Biological control of Meloidogyne 
javanica by some ftmgi in chickpea. Thai. J. Agric. Sci. 29: 115 - 123. 
Siddiqui, Z. A. and I. Mahmood. 1998. Effect of plant growth promoting bacterium an 
AM fungus and soil types on the morphometries and reproduction of Meloidogyne 
javanica on tomato. Appl. Soil Ecol. 8 : 77 - 84. 
Siddiqui, Z. A. and I. Mahmood 1999. Role of bacteria in the management of plant 
parasitic nematode : A review. Biores. Technol. 69 : 167 -179. 
Sieverding, E. and L. Galvez, L. 1988. Mycorrhizal in plant ecology. Angnew. Botanik 
62: 273 - 282. 
Sieverding, E. 1991. Vesicular-arbuscular mycorrhiza management in tropical 
agroecosystems. Deutsche Geselshaft fur Technische Zusammenarbeit Eschbom, pp 
371. 
Sikora, R. A. 1978. Einfluss der endotrophen mycorrhiza {Glomus mosseae) auf das wilt 
parasit-verhaltnis Von Meloidogyne incognita in tomaten. Zeitschrift fur Pflanzen 
and Pflanzenschutz 85: 197 - 202. 
Sikora, R. A. 1979. Predisposition to Meloidogyne infection by the endotropic 
mycorrhizal fungus Glomus mosseae. In: Root - Knot nematode (Meloidogyne 
species) Systamatics biology and control (Eds. Laberti F. and C. E Taylor) New 
York Academic Press, pp 399 - 404. 
Sikora, R. A. 1992. Management of the antogonistic potential in agricutural ecosystems 
for the biological control of plant parasitic nematodes. Ann. Rev. Phytopathol 30: 245 
-270. 
Sikora, R. A. and K. Sitaramaiah 1995. Antagonistic effects of the endomycorrhizal 
fungus. Glomus fasciculatum on Rotylenchulus reniformis penetration and population 
development on cotton. Indian J. Nematol. 25: 60 - 65. 
^5 
Sikora, R. Z. and F. Schoenbeck 1975. Effect of vesicular arbuscular mycorrhiza 
(Endogone mosseae) in the population dynamic of the root - knot nematode 
{Meloidogyne incognita and M. hapla). 8^^ Int. cong. PI. protec. 5: 158 - 166. 
Sinclair, W. A. 1975. Plant parasitic nematode suppressed by urea fertilization in forest 
nursery Plant Dis. Reptr. 59: 334 - 336. 
Singh Y. P., R. S. Singh and K. Sitaramaiah 1990. Mechanism of resistance of 
mycorrhizal tomato against root - knot nematode. In: Current Trends in Mycorrhiza! 
Research. (Eds. JalaH, B. L. and H. Chand). TERIVIII pp 210. 
Singh, C. S. 1995. Impact of Nj fixing and phosphate solubilizing bacteria on root 
colonization and spore production. In: Mycorrhizae : biofertilizers for the future. 
(Eds. Adhoeleya, A. and S. Singh). TERI. pp 212-215. 
Singh, C. S. 1996. Arbuscular mycorrhiza (AM) in association with Rhizobium sp. 
improves nodulation N2 fixation and N utilization of pigonpea {Cajanus Cajan) as 
assessed with a "N Microbiol. Res. 151: 87 - 92. 
Singh, H. P. 1994. Response to inoculation with Bradyrhizobium. vesicular arbuscular 
mycorrhiza and phosphate solubilzing microbes on soybean in a Mollisol. Indian J. 
Microbiol. 34:27-31. 
Singh, K and A. K . Verma 1987. Mycorrhizal fungi stimulate legume growth and root 
nodulation in dry and semi - arid soils. 1. Effect of dual inoculation of Rhizobium and 
VA mycorrhizal spores on a tropical legume bengal gram {Cicer arietinum L.^  In: 
Mycorrhiza Round Table. (Eds. Varma, A. K.) IDRC Pub, Ottawa pp 356 - 371. 
Singh, M. and K . V. B. R. Tilak 1990. Response of different cultivars of sorghum 
{Sorghum vulgare) to inoculation with Glomus versiformae. In: Proc. Conf. Mycor. 
Harayana Agricultural University, Hissar. pp 70 - 72. 
Singh, R. S. and K. Sitaramaiah 1967. Effect of decomposing green leaves, sawdust and 
urea on the incidence of root-knot on okra and tomato. Indian phytopathol. 20: 349-
355. 
Singh, R. S. and K. Sitaramaiah 1971. Control of root - knot through organic and 
inorganic amendments of soil: Effect of cokes and saw dust. Indian J. Mycol. PI. 
Pathol. 1:20-29. 
Sitaramaiah, K. and R. A . Sikora 1980. Influence off Glomus mosseae on Rotylenchulus 
reniformis penetration and development on cotton and tomato. European Soc. 
Nematol. pp 35 - 36. 
216 
Sitaramaiah. K. and R. A. Sikora 1981. Influence of the endomycorrhizal fungus Glomus 
mosseae on Rotylenchulus reniformis penetration and development on bush bean, 
cucumber and muskmelon. Med. Fac. Landbouww Rijksuniv Gent. 46: 695 - 702. 
Sitaramaiah, K. and R. A. Sikora 1982. Effect of the mycorrhizal fungus. Glomus 
fasciculatum on the host parasite relationship of Rotylenchulus reniformis in tomato. 
Nematoloigica 28: 412 -419. 
Sitaramaiah, K. and R. A. Sikora 1996. Influence of mycorrhizal fungus. Glomus 
fasciculatum spores concentration on Rotylenchulus reniformis population dynamics 
and cotton growth. Indian J. Nematol.26: 1-6. 
Sitaramaiah, K. and R. Khanna 1997. Effect of Glomus fasciculatum on growth and 
chemcial composition of maize. J. Mycol. Plant Pathol. 27: 21 - 24. 
Sitaramaiah, K. and R. S. Singh 1969. Control of root - knot through organic and 
inorganic amendments of soil. Effect of inorganic nitrogen sources. First all India 
Nematol. Sym. pp 64. 
Sivaprasad, P. and P. V. Rai 1987. Mechanism of enhanced nodulation in vesicular -
arbuscular mycorrhizal (VAM) pigeonpea [Cajanus cajan). Indian J. Agric. 61: 97 -
101. 
Sivaprasad, P. and P. V. Rai 1991. Synergistic association between Glomus fasciculatum 
and Rhizobium species and its effect on pigeonpea {Cajanus cajan). Indian J Agric. 
65:97-101. 
Sivaprasad, P., A. Jacob, K. K. Sulochana, A . Visalakshi, B. George and F. A. C. Ooi 
1992. Growth, root - knot nematode infestation and phosphorus nutrition in Piper 
nigrum (L.) as influenced by vesicular - arbuscular mycorrhizae. (Eds. Lim G. S. and 
P. S. Teng) Proc. 3^^ Inter. Conf on Plant Protec. Trop. Genting Highlands, 
Malaysia, pp 6: 34 - 37. 
Sivaprasad, P., B. Ramesh, N. Mohankumar, K. Rajmohan and P. J. Joseph 1995. 
Vesicular - arbuscular mycorrhiza for the ex - vitro establishment of tissue culture 
plantlets. In: mycorrhizae : Biofertilizer for the future. (Eds. Adholeya, A. and S. 
Singh). TERI pub. pp 42-44. 
Sivaprasad, P., S. Jacob, K. Nair and B. George 1990. Influence of VA mycorrhizal 
colonization on root - knot nematode infestation in Piper nigrum L. In: Current 
Trends in Mycorrhizal Research. (Eds. Jalali, B. L. and H Chand) TERI VIII, pp 216. 
Smith, G. S. 1987. Interaction of nematodes with mycorrhizal fungi. In : Vistas on 
Nematology : A commemoration of the twenty fifth anniversary of the society of 
nematologists (Eds. Velth, J. A. and D. W. Dikson.). Hyalts Ville, Maryland, U. S. 
A. Society of Nematologists Inc. pp. 292 - 300. 
217 
Smith, G. S. and D. T. Kaplan 1988. Influence of mycorrhizal fungus, phosphorus and 
burrowing nematode interaction on growth of rough lemon citrus seedling. J. 
Nematol 20: 539 - 544. 
Smith, G. S., R. S. Hussey and R. W. Roncadori 1986 (a). Penetration and post infestion 
development of Meloidogyne incognita on cotton as affected by Glomus intraradices 
and phosphorus. J. Nematol. 18: 429 - 435. 
Smith, G. S., R. W. Roncadori and R. S. Hussey (1986 b). Interaction of endomycorrizal 
fungi, supeiiiosphate and Meloidogyne incognita on cotton in microplot and field 
studies. J. Nematol. 18: 208 - 216. 
Smith, S. E. and M. J. Daft 1977. Interactions between growth, phosphate content and 
nitrogen fixation in mycorrhizal and non mycorrhizal Medicago sativa. Aust. J. Plant 
/j/jysio/. 4:403-413. 
Smith, S. E., B. J. St. John., F. A. Smith and D. J. D. Nicholas 1985. Activity of 
glutamine synthetase and glutamate dehydrogenase in Trifolium subterraneum L. and 
Allium cepa L. Effect of mycorrhizal infection and phosphate nutrition. New Phytol. 
99:211-227. 
Smith, S. E., D. J. D. Nicholas and F. A. Smith 1979. Effect of early mycorrhizal 
infection on nodulation and nitrogen fixation in Trifoilum subterraneum L. Aust. J. 
Plant Physiol. 6-.305-316. 
Sosanmia, V. K., S. M. Geetha and P. K. Koashy 1994. Effect of the fungus Paecilomyces 
lilacinus on the burrowing nematode Radopholus similis infecting betel vine. Indian 
J. Nematol. 24: 50 - 53. 
Southey, J. F. 1986. Laboratory methods for work with plant and soil nematodes. Min. 
Agric. Fish FoodHMSO, London, pp 202. 
Sreenivasa, M. N. 1994. Response of chilli {Capsicum annum) to vesicular-arbuscular 
mycorrhiza at different phosphorus levels in field. Indian. J. Agric. Sci. 64: 47 - 49. 
Sreenivasa, M. N. and D. J. Bagyaraj 1989. Suitable form and level of phosphorus for 
mass production of the VA mycorrhizal fungus, Glomus fasciculatum, Zbl. Mikobiol. 
144: 34 - 36. 
Srinivas, K., N. Shanmugam and B. Ramraj 1988. Effect of VAM fungi on the growth 
and nutrient uptake of forest tree seedlings. In: Mycorrhizae for Green Asia (Eds. 
Mahadevan, A., N. Raman and K. Natarajan). pp 294 - 297. 
218 
Srivastava, V., D. R. Dasgupta and A. K. Ganguly 1990. Effect of Meloidogyne incognita 
and Glomus fasciculatum on tomato leaf acid phosphate. Indian J. Nematol. 20: 233 -
236. 
Stephan, Z. A., J. K. Al - Maamourey and A. H. Michbass 1991. The efficacy of 
nematicides, solar heating and the fungus Paecilomyces lilacinus in controlling root -
knot nematode Meloidogyne javanica in Iraq. FAO Plant Production and Protection 
Paper, No. 109, pp. 343 - 350. 
Stemerding, S. 1964. Een mixer - watteniftter method on Vrijbeweeglijke endoparasitaire 
nematoden uit wortels te verzametem. Versl. Meded. Plziektenk Dienst. Wageningen, 
141:170-175. 
Strobel, N. E., R. S. Hussey and R. W. Roncadori 1982. Interaction of vesicular-
arbuscular mycorrhizal fungi, Meloidogyne incognita and soil fertility on peach. 
Phytopathol 72: 690-694. 
Strzemska, J. 1975. Mycorrhiza in farm crops grown in monoculture. In: 
Endomycorrhizas. (Eds. Sanders, F. E., B. Mosse and P. B. Tinker). Academic Press, 
London: pp 529 - 535. 
Subba Rao, N. S., K.V. B. R. Tilak and C. S. Singh, 1986. Dual inoculation with 
Rhizobium sp and Glomus fasciculatum enhance nodulation, yield and nitrogen 
fixation in chickpea {Cicer arietinum L.) Plant and Soil 95 : 351 - 359. 
Sulochana, T., C. Manoharachary 1990. Impact of season on the distribution of VAM 
fungi associated with sesame. Current Trends in mycorrhizal Research. (Eds. Jalali, 
B. L. and H. Chand). pp 18-19. 
Sulochana, T. K. K., P. Sivaprasad and K. Vasanthakumar 1995. Phosphorus nutrition 
and yield of cassava as influenced by VA mycorrhiza. In: Mycorrhizae: Biofertilizer 
for the future. (Eds. Adholeya, A. and S. Singh). TERI pub. pp 397 - 399. 
Sundaram, M. D. and V. Arangarasan 1995. Effect of inoculation of vesicular-arbuscular 
mycorrhizal fungi on the yield and quality attributes in tomato (Lycopersicon 
esculentum M.) Cv. C03. In: Mycorrhizae: Biofertilizer for the future. (Eds. 
Adholeya, A. and S. Singh). TERI pub pp 394 - 396. 
Sundarbabu, R. and C. Sankaranarayanan 1995. Effect of nursery treated VAM on the 
nematode interaction in tomato. Inter. J. Trop. Plant Dis. 13: 107 - 111. 
Sundarbabu, R., C. Sankaranarayanan and A. Santhi 1993. Interaction between vesicular -
arbuscular mycorrhiza and Meloidogyne javanica on tomato as influenced by time of 
inoculation. Indian J. Nematol. 23: 125 - 127. 
219 
Sundarbabu, R., C. Sankaranarayanan and A. Santhi 1996. Studies on the effect of 
interaction of Meloidog\me incognita with Glomus fasciculatum. South Indian Hort. 
44: 114-115. 
Sundarbabu, R., C. Sankaranarayanan and S. Vadivelu 1993. Interaction of mycorrhiza 
species with A/e/<?jrfog}'«e mcogniYfl on tomato. Indian J. Nematol. 23: 121 - 123. 
Suresh, C. K. 1980. Interaction between vesicular - arbuscular-mycorrhiza and root - knot 
nematode in tomato. M Sc. (Agric). Thesis. University of Agric. Sciences, 
Bangalore, India, pp 104. 
Suresh, C. K. and D. J. Bagyaraj 1984. Interaction betwera a vesicular arbuscular 
mycorrhiza and a root - knot nematode and its effect on growth and chemical 
composition of tomato. Plant and Soil 87: 303 - 308. 
Sylvia, D. M. 1986. Effect of vesicular arbuscular mycorrhiza] fungi and phosphorus on 
the survival and growth of flowering dogwood {Camus florida). Canadian J. Bot. 64: 
950-954. 
Sylvia, D. M. and L. H. Neal 1990. Nitrogen affects the phosphorus response of VA 
mycorrhiza. NewPhytol. 115: 303 - 310. 
Sylvia, D. M. and N. C. Schenck 1983. Application of superphosphate to mycorrhizal 
plants stimulates sporulation of phosphorus - tolerant vesicular-arbuscular 
mycorrhizal fungi. NewPhytol 95:655-661. 
Taha, A. H. Y. and K. M. Abdel Kader 1990. The reciprocal effects of prior invasion by 
root- knot nematode or by endomycorrhiza on certain morphological and chemcial 
characteristics of Egyption clover plants. Ann. Agric. Sci. Cairo 35: 521 - 532. 
Talukdar, N. C. and J. J. Germida, 1993. Occurrence and isolation of vesicular -
arbuscular mycorrhizae in cropped field soils of Saskatchewan, Canada. Can. J. 
Microbiol. 39 : 567 - 575. 
Tang, Z. Y. and A. J. Cheng 1986. Effect of mycorrhizal inoculation on insoluble 
phosphate absorption by citrus seedlings in red earth. Acta. Horti. Sci. 13: 75 - 79. 
Tawaraya, K. and M. Saito 1996. Effect of phosphate application on hyphal metabolic 
activity of vesicular - arbuscular mycorrhizal fungi, Gigaspora margarita. Japanese J. 
Soil Sci. Plant Nutri.64: 678 - 680. 
Tawaraya K., S. Watanabe, E. Yashida and Wagatsuna 1996. Effect of onion (Allium 
cepa) root exudates on the hyphal growth of Gigaspora margarita. Mycorrhiza 6 : 57 
-59. 
220 
Taylor. A. L. and J. N. Sasser 1978. Biology; Identification and control of root - knot 
nematode (Meloidogyne species). North Carolina State University Graphics Releigh 
pp20. 
Thomas, G. V., P. Sundararaju, S., S. AH and S. K. Ghai 1989. Individual and interactive 
effect of VA mycorrhizal fiingi and root - knot nematodes Meloidogyne incognita on 
cardamon. Trop. Agric. 66: 21 - 24. 
Thompson Cason, K. M., R. S. Hussey and R. W. Roncadori 1983. Interaction of 
vesicular - arbuscular mycorrhizal fungi and phosphorus with Meloidogyne incognita 
on tomato. J. Nematol. 15: 410 - 417. 
Thompson, J. P. 1986. Soilless culture of vesicular - arbuscular mycorrhizae of cereals: 
Effect of nutrient concentration and nitrogen source. Can. J. Bot. 64: 2282 - 2294. 
Tilak, K. V. B. R. 1985. Interaction of vesicular-arbuscular mycorrhizae and nitrogen 
fixers. Proc. Soil Biol. Symp. Hissar. 219 - 226. 
Tilak, K. V. B. R. 1993. Associative effects of vesicular arbuscular mycorrhiza with 
nitrogen fixers. Proc.Indian Nat. Sci. Acad. B. 59: 325 - 332. 
Tinker, P. B. 1975. Effect of vesicular - arbuscular mycorrhiza on higher plants. Proc. 
29th Symp. Soc. Exp. Biol. 29: 325 - 350. 
Tiyagi, S. A. and M. M. Alam 1988. Pathogenicity of root-knot nematode on mungbean. 
Int. Nematol. Network Newsl. 5 : 22 - 24. 
Tondon, H. L. S. 1973. The crop nutrition pest incidence complex in India. Pest Articles 
News Summaries 19: 372 - 380. 
Trappe, J. M. 1982. Symbiotic key to the gerera and species of Zygomyceteous 
mycorrhizal fungi. Phytopathology 72: 1102 -1108. 
Trappe, J. M. and N. C. Schenck 1982. Taxonomy of the fungi forming endomycorrhizae. 
In: Methods and principle of Mycorrhizal Research. (Ed. Schenck, N. C). Am 
Phytopathol Soc. St. Paul, pp 244. 
Trauvelot, A., S. Gianinazzi, V. Gianinazzi - Pearson 1987. Screening of VAM fungi for 
phosphate tolerance under stimulated field conditions. In: Mycorrhizae in the Next 
Decade. (Eds. Sylvia, D. M., L. L. Hung and J. H. Graham). IF AS, University of 
Florida, Gainesville. FL.pp 39. 
Trivedi, P. C. 1992. Evaluation of a fungus Paecilomyces lilacinus for the Biological 
control of Root - knot nematode, Meloidogyne incognita on Solanum melongena. 
Malaysian Plant Production Society Malaysia. Kuala Lumpur, 6: pp 29-33. 
221 
Tu. J. C. (1980). Incidence of root - rot and over wintering of alfalfa by Rhizohia 
Phytopath. Z. 97 :97 -108 . 
Tylka. G. L., R. S. Hussey and R. W. Roncadori 1991. Interaction of vesicular arbuscular 
mycorrhizal fiingi, phosphorus, Heterodera glycines on Soybean. J. Nematol. 23: 
122-133. 
Umadevi, G. and K. Sitaramaiah 1990. Influence of soil inoculation with 
endomycorrhizal fungi on growth and rhizosphere microflora of black gram. In: 
Mycorrhizal Symbiosis and Plant Growth (Eds. Bagyaraj, D. J. and A. Manjunath) 
University of Agricutural Sciences Bangalore Pub. pp 89 - 90. 
Umesh, K. C , K. Krishnappa, D. J. Bagyaraj 1988. Interaction of burrowing nematode. 
Radopholus similis and VA mycorrhiza, Glomus fasciculatum (Thaxt). Gerd and 
Trappe in banana {Musa acumicata colla). Indian J. Nematol. 18: 6 -11 . 
Upadhyay, R. S. 1969. Studies on plant parasitic nematode factors. Ph. D. Thesis. 
Aligarh Musim University, Aligarh. 
Upadhyay, R. S. and B. Rai 1988. Biocontrol agents of plant pathogens: Their use and 
practical constrains. In : Biocontrol of plant Disease. (Eds. K. G. Mukerji and K. L. 
Garg). CRC Press, Boca Raton. FL. 1: 153 -165. 
Vaast, P. and R. J. Zaroski 1991. Effect of nitrogen source and mycorrhizae inoculation 
with different species on growth and nutrient, composition of young arabica 
seedlings. Cafe. Cacco Tea 35: 121 -128. 
Varma, A and B. Hock 1995. Mycorrhizae : Structure, Function, Molecular Biology and 
Biotechnology, Springer - Verlag, Germany, pp 561 - 591. 
Vasallo, M. A. 1967. Nematicidal power of Ammonia. Nematologica 13: 155. 
Vashney, V. P. 1982. Changes in plant growth, nematode population and nodule index as 
a result of inoculation of cowpea, Vigna ungiculata (L.) Walp. With Meloidogyne 
incognita (Kofoid & White) chitwood and Rhizoctonia solani Kuhn. Ph. D. Thesis 
Aligarh Muslim University, Aligarh. 
Venkataraman, M. N., H. D. Singh and R. Kotoky 1990. Occurrence and distribution of 
vesicular - arbuscular mycorrhizal fungi in acid soils of north eastern India. In: 
Current trends in mycorrhizal research. (Eds. Jalali, B. L. eind H. Chand). Haryana 
Agricultural University, Hissar, India, pp 220-222 
Verdejo, S., C. Calvet and J. Pinochet 1990. Effect of mycorrhiza on kiwi infected by the 
nematodes Meloidogyne hapla and M. javanica. Bulletin de Sanidad Vegetal, Plagas 
16:619-624. 
222 
Verma. A. 1995. Arbuscular mycorrhizal fungi. The state of art. Critical Rev. Biotech. 
15: 179- 199. 
Vicente, N. E. and N. Acosta 1992. Biological and chemical control of nematodes in 
Capsicum annum. J. Agric. Univ. Puerto Rico 76: 171 - 176. 
Vicente, N. E., L. A. Sanchez and N. Acosta 1991. Effect of granular nematicides and the 
fungus Vaecilomyces lilacinus in nematode control in watermelons. J. Agric. Univ. 
Puerto Rico, 75: 307 - 309. 
Vidaver, A. K. 1982. Biological control of plant pathogens with Prokaryotes. In : 
Phytopathogenic prokaryotes. (Eds. Mount and G. H. Lacy). Academic Press, New 
York. pp. 387 - 397. 
Villanueva, L. M. and R. G. Davide 1983. Effects of fungicides, nematicides and 
herbicides on the growth of nemato-phagous fungi Paecilomyces lilacinus and 
Arthrobotrys cladodes. Phil. Phytopathol. 19: 24 - 27. 
Virant - Klun, I. 1992. The role of vesicular - arbuscular mycorrhizae in phosphorus 
nutrition of maize 'Dea' (Zea mays L. cv. Dea). Fosforijerm. Zbornik Biotechniske 
Fakultete Univerze Edvarda Kardelja Ljubljani, Kmetijstvo 59: 45 - 54. 
Virant - Klun, I. and N. Gogala 1995. Impact of VAM on phosphorus nutrition of maize 
with low souble phosphate fertilization. J. Plant Nutri. 18: 1815 -1823. 
Volcy, C. 1993. Relative effects of nitrogen and potassiimi and egg population of 
Meloidogyne incognita on tomato damage. Fitopatologia Colombiana 17:46 - 51. 
Walia, R. K., R. K Bansal and D. S. Bhatti 1991. Effect of Paecilomyces lilacinus 
application and time and method in controlling Meloidogyne javanica on okra. 
Nematol. Medit. 19: 247 - 249. 
Walters, S. A. and K. R. Barker 1994. Efficacy of Paecilomyces lilacinus in suppressing 
Rotylenchulus reniformis on tomato. Supp. J. Nematol. 26: 600 - 605. 
Wani, S. P. and K. K. Lee 1992. Role of biofertilizers in upland crop production. In: 
Fertilizers, Organic manure, Recyclable wastes and Biofertilizers. (Ed. Tondon, H. 
L. S.), New Delhi Fertilizer Development and Consultation Organisation pp 91 -112. 
Weber, O. B. and S. M. C. DE. Amorim 1994. Phosphorus fertilization and inoculation 
with vesicular - arbuscular mycorrhizal fungi in Solo Pawpaws. Revista Brasileriea 
de Ciencia do Solo 18: 187 -191. 
Weller, D. M. 1988. Biological control of soil borne pathogen in the rhizosphere with 
bacteria. Ann. Rev. Phytopathol. 26 : 379 - 407. 
223 
White, J. A. and M. F. Brown 1979. Ultrastructure and X - ray analysis of phosphorus 
granules in vesicular arbuscular mycorrhizal fungus. Can. J. Bot. 57: 2812. 
Willox, J. and H. T. Tribe 1974. Fungal parasitism in cysts of Hetcrodera. 1. 
Preliminary investigation Trans. Bin. Mycol. Soc. 62: 585 - 594. 
Zaghloul, R. A., M. H. Mostafa and A. A. Amer 1996. Influence of wheat inoculation 
with mycorrhizal fungi, phosphate solubilizing bacteria and AzospihUum on its 
growth and soil fertihty. Ann. Agric. Sci. Moshtohor 34: 611 - 626. 
Zaki, F. A. 1994. Dose optimization of Paecilomyces lilacinus for the control of 
Meloidogynejavanica on tomato. Nematol. Medit. 22: 45 - 47. 
Zaki, F. A. 1998. Biological control of Meloidogynejavanica in tomato by Paecilomyces 
lilacinus and castor. Indian J. Nematol. 28 : 132 -139. 
Zaki, F. A. and D. S. Bhatti 1989. Effect off castor leaves in combination with different 
fertilizer doses on Me/oit/ogyneyava/iica infecting tomato. Indian J. Nematol.19: 171 
-176. 
Zaki, F. A. and D. S. Bhatti 1991. Effect of culture media on sporulation of Paecilomyces 
lilacinus and its efficacy against Meloidogyne javanica on tomato. Nematol. medit. 
19:211-212. 
Zaki, M. J. and M. A. Maqbool 1991. Paecilomyces lilacinus controls Meloidogyne 
javanica on chickpea. Int. Chickpea Newslet. 25: 22 - 23. 
Zaki, M. J. and M. A. Maqbool 1992. Effect of pasteuria penetrans and Paecilomyces 
lilacinus on the control of root - knot nematodes on brinjal and mung. Pak. J. 
Nematol. 10: 75 - 79. 
Zambolin, L. and A. A. R. Oliveira 1986. Inter acaco entre Glomus etunicatum and 
Meloidogynejavanica em feijao (Phaseolus vulgaris L.) Fitopatologia Brasileria 
11:217. 
< 
I 
I 
en 
4> 
o 
E 
< 
> 
O 
< 
t m 
O 
^ 4> 
u > 
es 
C/3 
w 
3 
O 
t 
U I 
c 
o 
o 
"a. 
• ^ 
V3 
1 
(^ 
T3 
e^  
0 0 
on 
oe: 
C M 
Wi 
H 
c^ 
on 
C M 
T3 
t 
ti^  
on 
on 
C/D 
on 
c 
E 
UQ 
l _ 
H 
+ 
I 
WO 
H 
II 
on 
fc 
U 
o 
(J 
IT 
on 
o 
t 
o 
c 
C4 
k . 
•^rf 
c 
4> 
> 
TS 
t 
UJ 
•^ ^ CO 
V 
3 
CQ 
> 
*^ 
-o (U 
w 
3 
II 
<u 
_ 3 
4 - > 
ao "O 
CO 
• * - * 
a 
c 
_o 
' M 
to 
o 
"H. 
u u. 
C M 
O 
E 3 
or 
II 
k . 
c 
_o 
' M 
• Q . 
V 
k-
c 
> 
"So 
CC 
en 
-4-* 
C 
a> E 
•«-> 
rt a> U M 
• * - » 
o 
E 
3 
C/5 
II 
ai 
v 
k . 
a> J 3 
^ 
c 
c« 
y.^*S 
o r*^  
( N 
C 
a w -^^  
*^-^  {{ 
t h 
u 
g 
*+-• 
cH 
o 
o. 
«> k . 
<a 3 
T3 
• > 
"2 c 
•"^  
-«-> Rt 
* - > 
C 
E 
•k-f 
C4 
k . 
-4-f 
«J 
3 
-a 
• > 
•5 c 
II 
k . 
!•§ 
1-^ 
fc 
08 
a 
I 
! 
< 
> 
O 
( S 
5/D 
Si 
s 
leg 
c 
o 
o 
t > 
fc 
C/2 I 
(4^ 
{/5 
w 
H 
(JL, 
U I 
H 
W 
II 
vo 
c i 
T3 
fc 
fc 
c« 
i i 
H 
+ 
C/3 
C/3 
H 
II 
c/3 
C/3 
fc 
W 
o 
^—<-
II 
c/3 
C« 
H 
k. 
o 
fc 
§ 
• « - > 
c V 
B 
•4-rf 
C 
c 
> 
< 4 - ; 
T 3 
fc UJ 
4 ^ 
A 
V 
s 
ce 
> 
• * - > 
•o 
u - ^ - l
CO 
S 
•S B 11 
u 
3 
73 
> *-
•fiO T S 
CO 
at 
C 
o 
*5 J 
o. 
v c; ( M 
o 
E 3 
C« 
II 
c 
_o 
^^  
o 
"S. v k. 
c 
> 
'Si) 
es 
^ 
<M 
4 ^ 
c V 
E 
• i 
CO 
4> 
k . 
• * - » 
C M 
o 
E 
3 
t « 
11 
a: 
<l> 
k . 
v 
g 
^ " • ^ 
"O 
r^  
r< /—s 
iS 
w v»^
" ^ f ^ 
II 
b U 
c 
'•C OS 
u 
o. 
v k. 
•s 3 
•o 
•? 
^ 
c 
•^ " 
•tej 
c4 
E 
to 
k . 
•4-J 
CO 
3 
"2 
• > 
'"B c ^ M 
II 
k> 
I 
I 
I 
! 
< 
> 
O 
S^  
m 
Q 
U 
< 
b 
w^ 
^ 
' s t: u 
•S "O 
fc t 
< ^ ^ 
<«- St3 
v 
_3 
> 
5 -
e^  tr 
C/i C/3 
t/2 V3 
« ^ H 
73 
i= 
^ 
C/3 
C« 
fc 
Hi 
( b 
u 
\n 
d 
•«t r r 
_o 
'•S 
"o. 
^ Oi 
4-» 
C 
4) 
E 
* i 
s u 
H 
J/3 
w 
t ^ 
C/3 fs 
H r 
H t/3 
1/5 
fc 
r4 cs 
is 
I 
a 
e 
E 
O 
M l 
t 
t t 
o 
«r> 
•*-> P I <-i fTl 
^ ^ 
I 
Tj- >r> 
.2 ^ 
.2 ^ 
^ 
fc 
T3 
1 
C/3 
u 
I 
!/D 
C 
3 
o 
c 
^ 
fc 
d^ «iii dii < 
(4-C 
•T3 
^'^ s a 
V5 
1 
S 1 
^ 
C/3 
{/3 
Oi 
(«- i 
T3 
^ 
C« 
C/3 
5 
T3 
C 
C/3 
C/3 
C 
(«- i 
e 
{ / } 
W3 
I 
r 
1/5 
<^ Z-
c 
o 
^ 
•i-t c 
T3 
fc 
t/3 
fc 
u 
u 
+ U 
I 
C/3 
(/} 
H 
C/3 
in 
fc 
T 
C/3 
C/3 
if 
t 
S *- Si 
C C 3 
^§ ^ 
c « •-
«i - S 
to > a 
c .Ss •*-• 
^ ^ ^ ' ^ 
O II j : i^ § 
(/3 w 
II II 
£ 
§ s If 
3 i 
c o s 
•S-s-g 
l | l 
S.S ^ 
«>c2 E 
* <« "5 
ra 3 i_ 
S > (SJ 
S CM 3 
e o :2 
| i | 
"S " II 
3 
II 
£ 
-o 
a 
V 
& a 
< 
5 
< 
•I 
1 
o 
'•S 
o O 
( 4 ^ 
4> 
l l 
TT m 
c 
C/3 
1 
I 
o 
-f "^  
ro 
S 
CD 
^ 1 
•o 
t t 
w « 
« « « 
o_ SH 
^ - o 
fa 
UJ 
rfi 
(«-> 
T3 
fc 
M 
«« 
C«H 
•o 
C/3 
1 
u 
r 
ON 
c 
o 
1 
«4-C 
4> 
(/3 
CT) 
<L> 
b 
•a 
{/3 
C« 
<4- l 
t 
C/3 
1/3 
fc 
C/3 
H 
+ C/3 (/) (^ 
1 
C/3 
O) 
H 
II V3 
b 
U 1 
I? 
II C/3 
Vi 
H 1/3 
fc 
IS 
t 
UJ 
g C V 
C « >^  
*- « *-
§ ^5 
E'SJ) 3 
C 2 S 
"* * II 
•S -2 ^ 
l l I 
S ^ ^ 
rt § go 
O 11 ^ 
V3 w 
E c 
.2 «5J ^ 
Hi 
-S "Q ^ 
4> > — 
c c 
(30«2 £ 
e8 W3 - = 
§ E "E 
is c/3 c 
a> o E l^ 
3 {/3 
II 
1 
I 
I 
o 
M 
S 
9i 
s 
e 
o 
^ (73 
. 2 fc 
'^ 
fS 
"?-
s-^ 
« * - « * -
^ -o 
t fc 
w w 
dil ^ 
Cu 5*2 
=s -o 
^-^ 
"5 
> 
*•> 
o (N 
^ 
s 
t 
^ 
n 
-?-
>^ ^ 
(M 
•o 
t U 
< 
U-i 
"O 
s 
•i 
> 
•4-* 
/'»^  
«r^  
w5 
S t 
'Ji 
cs 
->, 
(4-1 
•o 
t U 
«« 
(4-1 
T3 
C 
2 
•i 
> 
• * m 
c 
O a> 
ea o 
.8 
_ = <N 
C/5 
C/3 
b 
t/3 
1 
C/3 
<4-l 
c« C/3 
OS 
(4-1 
"O 1 
c« V3 
"i 
( 4 1 
T3 
(n 
cw 
b 
(4-1 
T3 
03 
</) 
€ 
b U I 
H 
r 
C/3 
C 
o 
S u 
•4-' 
c 
fc 
CO 
t 
03 
C/3 
t ^ 
C/3 »s 
C/3 
H 
V3 
1/3 
fc 
c/3 
CM i : : 
• * O N 
11 
V ti -^ 
2 S * 
S I ^  
w A c4 
•^ s > 
w > S 
I C " 
•S: -I -S 
(is »- c 
<« «{- S 
« o ,-^  
lis 
o II 'T? 
C ( i ' ^ 
V3 w 
b 
E c 
t3 .2 
.2 <2i ^ 
^ — ~ 
« > •-
i: ^ es 
c c 
^(2 g 
rt to tJ 
*- «> « 
oj «J • " 
p o -a 
t ; V3 C 
3 
c/3 
I 
V) 
u 
es 
es 
t 
e 
E 
O w u 
s 
e 
(/3 
U I 
00 
r 
o 
't 
h > 
"O 
t 
u 
fl^ 
( 4 ^ 
T3 
T3 
fc 
M 
< 
( M 
"O 
I 
IS 
• 0 
^ 
i/3 
(/3 
o; 
• 0 
fc! 
tw (/) 
• 0 
fc 
li^  
C/2 
C/3 
fc 
I 
H 
W 
II 
{/3 
C 
e4 
xn 
k> 
H 
+ 
I 
C/3 
(/3 
H 
II 
c/3 
t/3 fc 
U 
00 
II 
c/3 
c« 
H 
o 
r^ 
i 
• ^ - i ' 
• ^ i » 
a> 
c 
V 
> 
•5b 
CO 
15 
c 0 1 
"P* 4) 
c (*« 0 
a 
3 
c/3 
II 
c 
.0 
4 i ^ 
.§ 
"o. V 
k. 
c 
t 
•33 
CO 
^ 
en 
4«» C 
V 
E 
• t i 
03 V 
u. 
-^^  Ct« 
0 
E 
3 
c« 
II 
^ 
<ii 
L . 
4> 
• 0 
t 
w 4X 
CO 
u 3 
CO 
> 
• ^ 
"S 
• J 
« 1 
• ^ 
II 
V 
3 
CO 
> 
•4-^ 
c 
CO 
/-»^ 0 
5-
I? 
<^rf 
w 
.^^  ^ w ' 
II 
c 
0 
'•C CO 
0 
0 . 
V 
w 
_ H ^ 
CO 
3 
• 0 
•? 
^ , C 
•¥i 
CO 
C 
E 
^ 
£ 
•wi 
A 
3 
•o 
• > 
^ c 
II u 
•4-* 
